VOLUME 68 September, 1953 NUMBER 3 


THE AMERICAN REVIEW 
TUBERCULOSIS 


A Journal of Pulmonary Diseases 


OFFICIAL JOURNAL OF AMERICAN TRUDEAU SOCIETY 
MEDICAL SECTION OF NATIONAL TUBERCULOSIS ASSOCIATION 


CONTENTS 


Occurrence of Histoplasmosis in Epidemics. Etiologic Studies. Micuart L. Furcotow anp J. 
Tuomas GRAYSTON 
The Growth of Mammalian Tubercle Bacilli in Tween-Albumin Liquid Medium. I. Observations 
on the Proportion of Viable Organisms, the Cytology, and the Virulence of Bacilli at Differ- 
ent Stages of Growth of Strain H37Rv. Frank FENNER AND RONALD H. Leacu 321 
The Growth of Mammalian Tubercle Bacilli in Tween-Albumin Liquid Medium. II. Observa- 
tions on the Proportion of Viable O isms, the Cytology, the Virulence, and the Anti- 
genicity at Different Stages of Growth of BCG. Franx R AND RONALD H. LEAcH. 
en Studies of the Serum Proteins in Tuberculosis. R. W. BALpwin anp C. N. 


LAND 
Acute Tuberculous Pneumonia in the Negro. ArTHur A. CALIX, Morton M. ZIskIND, ALAN J. 
LEonarD, Harry S. ANDERSON, Jerome Brock, AND Sypnzy JACOBS................ 
A — <* of Irregular Discharges in a Veterans Administration Tuberculosis Hospital. Joserx F. 


A Pharmacologic Trial of Para-Ethylsulfonyl Benzaldehyde Thiosemicarbazone (Berculon B) 

= Humans. J. D. H. Banker, R. S. Kennepy, A. W. Legs, H. M. MAcLeop, anp N. W 
ORNE.. 

Isoniazid in Combined Chemotherapy of Experimental Tuberculosis in Mice. Caartes O. 
SIEBENMANN 

A Study of the Effect of Alcohols on Tubercle Bacilli and Other Bacteria in Sputum. MARTIN 
FROBISHER, JR., AND LucILLE SOMMERMEYER 

Studies on the Fractionation of Tuberculin and Johnin. I. Fractionation of Tuberculin Proteins. 
MerziaM A. Jones, Avsrey B. Larsen, Tuomas H. VARDAMAN, AND Louts A. BAISDEN 

Studies on the Fractionation of Tuberculin and Johnin. II. Extraction of Tuberculin Proteins 
with Phenol. Merriam A. Jones, Ausrey B. Larsen, Taomas H. VARDAMAN, AND Louis 


Studies on the Fractionation of Tuberculin and Johnin. ill. Fractionation of Johnin Proteins. 
Merriam A. Jones, Ausrey B. Larsen, THomas H. VARDAMAN, AND Louis A. BAISDEN 
Effect of BCG Vaccination on Mice Infected with Tuberculosis. FLorence K. FitzPatrick... 
Case Reports: 
Aplastic Anemia Following the Use of Streptomycin and Para-Aminosalicylic Acid. Henry 
W. WALTERS.... 
Peripheral aaneeatted in Tuberculosis Patients Treated with Isoniazid. Harotp N. 
LUBING...... 
Notes: 
Present Status of BCG Studies. Carrott E. PALMER AND LAWRENCE W. SHAW...... 
Correspondence: Abortive Tuberculosis in Guinea Pigs Induced by Pathologic Material Con- 
taining Young Tubercle Bacilli. L. Necré anp J. Brerey; Toxicity of Isoniazid for the 
Monkey. Ermer L. Sevrincravs; Procedure with Negative Cultures for Tubercle Bacilli. 
ConsTANCE J. Connors 
American Trudeau Society: 
Report of Panel Discussion on Survival and Revival of Tubercle Bacilli in Healed Tubercu- 
lous Lesions 477 
Report of the Ninth Pembine Therapy Conference. as, Wi isconsin, and Minnesota. 496 
Notes... . 502 
Abstracts 45 


Published Monthly at Mount Royal and Guilford Avenues, Baltimore 2, Maryland by 
the National Tuberculosis Association ¢ Business Off., 1790 Broadway, New York 19, N.Y. 
Copyright 1953, by the Nationa] Tuberculosis Association 


PRINTED IN U.S. A. 


382 
393 
400 
411 
419 
425 


THE AMERICAN REVIEW OF 
TUBERCULOSIS 


OFFICIAL JOURNAL OF AMERICAN TRUDEAU SOCIETY 
Medical Section of National Tuberculosis Association 
EDITOR 
WALSH McDERMOTT 
New York, N. Y. 
CONSULTING EDITOR EDITOR OF ABSTRACTS 
ESMOND R. LONG LAWRENCE B. HOBSON 
Philadelphia, Pa. New York, N. Y. 
Helen W. Miller, Editorial Secretary 
EDITORIAL BOARD 
William H. Feldman, D.V.M., Rochester, Minn. Donald L. Paulson, M.D., Dallas, Tex. 
Byron F. Francis, M.D., Seattle, Wash. Sidney Raffel, M.D., Stanford, Calif. 
Daniel E. Jenkins, M.D., Houston, Tex. Philip E. Sartwell, M.D., Baltimore, Md. 
Max B. Lurie, M.D., Philadelphia, Pa. John W. Strieder, M.D., Brookline, Mass. 
Ralph Tompsett, M.D., New York, N.Y. 
BUSINESS MANAGER 
HENRY W. STEVENS 


NOTICE TO AND CONTRIBUTORS 


Tue American Review or Tusercutosis is published by the Nationa] Tuberculosis Association 
and issued monthly about the first of the month. Tuz American Review or Tusercu.osis is the 
official journal of American Trudeau Society. A volume includes six numbers and begins with the 

made nesekie to Collier Platt, Treasurer. The price of single —_ is $1.50 postpaid. 

Character of the Review: The Review invites he submission of original manuscripts on any phase of 
tuberculosis, nontuberculous pulmonary diseases, and related subjects of interest. 


MANUSCRIPTS 


Contributors are requested to pay particular attention to the following rules agape the pabiceetoe 
of ances. manuscripts. Failure to follow these rules is a frequent cause of delay in licatioa 
es. 


—_- should be sent in duplicate to the office of the Editor, Dr. Walsh McDermott, 1790 
a omy ew York 19, N. Y., mailed flat, and transmitted by first-class mai] with postage for re- 
turn if not acceptable. They should be in English, double-spaced, typewritten on one side of the page 
with wide margins. Tabular data should not be included in the text but should be presented in separate 
tables with ey reference in the text. All cases of pulmonary tuberculosis should be classified 
according to 950 edition of Diagnostic Standards Classification of Tuberculosis published by 
the National Tuberculosis Association. All case reports should be written in complete sentences. Au- 
thors should exercise particular care in the preparation, notation, and description of figures and tables. 
The form of reference used in the Review should be carefully followed and references should be 
checked for accuracy. Each table must be accompanied by a descriptive title and a suitable legend 
a be mp pieeee for each figure. Drawings must be made with india ink and all lettering shou'd be 
a stencil. The quality of the reproduction of a roentgenogram depends upon both the qua!’ , 
of of the original picture and of the glossy print ney from photographing that picture. If a contrp 
utor does not have facilities available, preparation of figures or reproduction of roentgenograms may 
be eda pe through the Revrew office. In those circumstances, the contributor should supply a neat, 
ae and suitably entitled drawing or the original roentgenogram, an il be ex- 
petted to defray the cost of these services. 

The publishers will not be responsible for manuscripts, illustrations, etc., lost in transit. In order 
to save expense for authors’ corrections in proof, manuscripts should be carefully revised by the author 
before submission. 

Reprints: Fifty reprints without covers of articles will be furnished to authors free of charge when 
in advance. Additional! reprints may be ordered. 
Rates will be furnished by Taz American Review or 1790 Broadway, 
New York 19, N. Y. on request. 


ceptance of an advertisement does not constitute official endorsement of the product ad 


Entered as second-class matter March 9, 1917, at the post office at Baltimore, Md. under the Act of August 24. 1912. Acceptance for 
mailing at « special rate of postage provided for in section 1103, Act of October 3, 1917, Authorized on July 2, 1918. 


THE AMERICAN REVIEW OF TUBERCULOSIS 


ANSWERS TO COMMON OUESTIONS 


(ERYTHROMYCIN, LILLY) 


Q. What is the status of ‘Uotycin’® 


in the treatment of pneumonia? 


neumococe 


0. tre coliform bacteria less sen- 
Is *Hotvein’ effective in urinary colife = . 
sitive to “Hotvein®’ than to other 


tract infections 


“broad-spectrum” antibiotics? 


the 


How long should a streptococ- 


cus throat infection be treated 


with “Hotycein’? ‘Hotyein’ is supplied in 1l00-mg. 
The recommended minimum course for specially coated tablets... at 
any antibiotic ve days. ‘Hotyein’ pharmacies every where, 
completely eradicates the organisms 
within five days and thereby prevents 


recurrence of the niect n 


QO. Is there any contraindication 
to the use of ‘Iotycin’ immedi- 
ately following a parenteral dose 
of penicillin? 

No llotvein’ does n nhibit the ac 


tivity of penicillin ere is probably 


THE ORIGINATOR OF ERYTHROMYCIN 


in addition to ‘Hotycin.” Expe 
ments both in vitr md with animal 
In pneumor sed | 
} e shown no ¢ lence that Tot 
and stapt ‘ ery ef 
either ant nist t ‘ tik 
fective. Dose f every fou 
hou ire re ended 
Ye whe tive rganism 1s 
suscentible to it ' 1 when there . 
, nd fungu ergrowth in the intestina 
tract th ‘Tot the edon 
such a t ture tone, and the like 
tt 
. 


REVIEW 


PRECISION INSTRUMENTS ror 


THORACIC SURGERY OO 


| mproved models... A 
\ew designs , 


Th 857 Deep Thoracic Scissors-—12" Long, Angular Th 992 Finochietto Thoracic Forceps 


Long enough to keer ‘ ‘ | tot the Double Utility Clamp—Mixter Type with Longi- 
held of vision yet ea ‘ , tudinal Serrations and Easily- Threaded, Smoothly- 
Degree of ang ct it t t Ground Eve 

Ha ce 

Le 

Th 227A Rienhoff Modified Finochietto Rib Spreader 
ie i Ky tha odels. Part Th 1118 Finochietto Needle Holder 
( 


Order direct from if 
GEORGE P. /filling & SON COMPANY 


3451 WALNUT STREET + PHILADELPHIA 


HEADQUARTERS FOR INSTRUMENTS FOR THORACIC SURGERY 


y 
— —_ a 
|) 
| 


Pre- and post-operative prophylaxis 


or treatment—among the many indications 


for therapy with well tolerated 


brand of oxytetracycline 


1 J 
4 


Hk AMERIC 


THREAT 


ONE small, uncoated 
tablet contains BUFFERED 
PARASAL (PAS) 0.5 Gm. 
and INH 12.5 mg. 


Dosage Equivalents 
BUFFERED PARASAL viELOS TOT 
Total Daily Tablets PAS 
a4 
8 
16 


TUBERCULOSIS 


40°% FEWER TABLETS 


17 BUFFERED PARASAL-INH 
tablets replace 28'4 tablets 
(24 Sod. PAS 0.5 Gm. plus 

INH 50 mg.)... 


GREATER ECONOMY 
AND CONVENIENCE 


Because far fewer tablets are 
required, medication cost is 


correspondingly low .. . 


VIRTUALLY PREVENTS Gis! 


The unique buffer incorporated in 
each tablet virtually prevents 

GI upset — even in cases intolerant 
to ordinary Sodium PAS and INH 


taken separately. 


SODIUM AND SUGAR-FREE 
BUFFERED ‘PARASAL’-INH is an 


effective, well tolerated, single 
dosage form for combined PAS-INH 
chemotherapy. Uncoated tablets 


are rapidly absorbed. 


Write for samples, literature, 
complete information, 


{ CORP 


340 CANAL STREET, N.Y.13, N.Y 


AWVERICAN REVIEW OF TUBERCULOSIS 


Suspected ? Revealed! 


Conventional six-foot chest ORDOGRAPH film — same area 


Body-section radiography facilitates accurate 
diagnosis of difficult-to-define areas 


thod that assures 
tand and Bucky 


himinat Sp 


t} 


the ORDOGRAPH 
ly isolates the pathol il ar without a Mee 
GE ORDOGRAPH 
litics. Whether the x-ray tabl For comp! 
tal on ORDOGRAPH ORDOGRAPH 
vith tl booklet, “Body-S 
your Gl ray 
X-Ra part 


M 


You can put your confidence in — 


GENERAL €@ ELECTRIC 


L 
; 
In conventional radiography, a detinite d dri s the only 1 
ignosis often cannot | ide | iuse of smooth traversal of tul 
inatomical supet positie And, though Its two-minut hat 7 
il shots or stcrcos ). Ul 1 pathol radiovra hy routit pro live Ay } 
till 
| oO 
Rad raph 
fay 
Electric 


Hk AWVERICAN REVIEW OF TE BERCITLOSIS 


form of a synthetic narcotic analgesic 
itely twice as potent as racemic Dre 
drobromide ‘Roche’... inducing prompt 
relief with longer duration of analgesic 


eflect than morphine, 


or the relief of severe or intractable 
preoperative medication and 
postoperative analvesia. 


triking characteristic is its ability to 


ce cheerfulness in pain le pressed patients 


the morning alter an evening dose. 
likely than morphine to produce constipation, 
or other undesirable side efleets whethe 


uiministe red o1 illy or subcutane ously 


TION 


HOFEMANN 


approxi in 
(dl) 
pain . 
 Levo-Dromoran Tartrat 


THE AMERICAN REVIEW 


OF 


TUBERCULOSIS 


OCCURRENCE OF HISTOPLASMOSIS IN EPIDEMICS 


Etiologic Studies 


LRCOLOW ] PHONAS GRAYSTON 


INTRODULCTION 


cle epidemics of 


epidemics have 


applied to them su 


quired 


chon 


reported if 
COLOTTUL 
angle pr 


pre 


1 6). Examination 


for potential etto 


Perhaps the first to suggest that some 
| 
histop 


he per 


these epidemics is 
(Charles Kk. Smit! some preliminary serologic t 
1,5). Others, including the present writers, have 
series of epidemics and other simila 


formed in ty nth 
ssibilitv that this 
Study 


vith? 
of disseminated 


During a 


ot the person 


wel ntrigued 
nvolved 


night be histoplasmosis 


monary carey White and Hill (7) found that 
rhe v Nauen and Worns (2) had de 
sera trom thi 


the epidemic repo 
to histoplasmir Stored 


eported mile 


‘ hoped viele pre nad 


ind found to contain complement 
ander 


Nil 
1 | Carnvestol \lex 


ry 


histop ries 
epidemic of pulmonary histoplasme irm family 

tation of the organism trom one the patient 
t «ol thre 


VOLUME 6s Se ptembn ; NUMBEI 
v ile p if euolog 

obscure have bes terest 

” a pl he 
nia, and unusual pulmona laws 
ov agents had bes al 
| 
rem 

rile 
Lhe 

oned epldem 

During the past three ve the prese riters have immed) out studies © 
helped ‘ il the « ive oplasma cap It the put 
pose here te report these etrolog studi \ companion paper (9) deta the 
epidemiolog truce presents data and conelusions regarding the tut 
eservoir of this fung ire and the method of its transmission to on 

he dine ( ‘ Pu | 

\ 


FE RCOLOW AND GRAYSTON 


MATERIALS AND METILODS 
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In 1938, an epidemic occurred in Plattsburg, New York. This was described as 


acute miliary pneumonitis by Nauen and Korns (2). Twenty-three men who were 


engaged in shoveling pigeon manure from an old schoolhouse were involved. The 
illness in this epidemic tended to be severe. Of 10 men questioned ten years after 
the onset, 8 were still suffering from some pulmonary symptomatology. Figure | 
is an example of a chest roentgenogram of an acutely ill patient during this epidemic 

Camp Crowder, Missouri, had epidemics of pneumonitis in 1942 and 1943. The 
latter was reported as atypical pneumonia by Idstrom and Rosenberg (11), who 
stated that approximately 40 men from one training company were involved. Hos 
pitalization records of 22 men were found, and follow-up studies were directed at 
this group. The illness in this epidemic tended to be mild. The chest roentgenograms 
showed moderate to marked generalized infiltration. Figures 2 and 3 are examples 
of acute and healed disseminated pneumonitis from this epidemic. 

An epidemic occurred at Camp Gruber, Oklahoma, in 1944, and was reported as 
an unusual pulmonary disease by Cain, Devins, and Downing (5). This epidemic 
involved 35 soldiers in an army camp who sought shelter in a storm cellar during 
maneuvers. Epidemiologic studies showed that almost all of the men who entered 
the cellar became infected, and that no man became infected who had not entered 
the cellar. This epidemic caused a very severe illness, with 21 of the 35 men receiving 
disability discharges after seven months of hospitalization. Thirteen of 23 men, on 
whom information is available, are still receiving compensation. Roentgenograms 
of the lungs of all of the men involved in this epidemic showed the discrete dis 
seminated infiltrations characteristic of these epidemics. Figure 4 shows an example 
of an acute-phase chest roentgenogram from this epidemic 

Disseminated pulmonary calcification in a twelve-year-old boy in Topeka, Kansas, 
was found to have originated during an acute respiratory illness six years previously, 
in 1944. At that time the boy was living on a farm. Study of his family and that of 
two other families who had occupied the farm subsequently revealed 4 cases of dis 
seminated pulmonary calcification among the 11 members examined. These 4 cases 
consisted of a young boy in each family and another boy who had visited the farm 
and subsequently became ill. Four adults in these families showed evidence of single 
lesions or several calcified lesions in the lungs 

Nine days after moving into a farm house at Williamsburg, Kansas, in 1946, 3 
of 9 members of the B family became ill. The illness was of a mild, febrile type in 
these 3 children but of a more severe nature in a fourth child who became ill a week 
later. Pulmonary infiltrations were present in the chest films of the 4 children and 
also in a fourteen-month-old infant who had not been noticeably ill. The oldest of 
the children who were ill was ten years of age. Two older children and the parents 
remained well. The roentgenographic shadows were of the generalized miliary type 
in the child who had the most severe illness. In the others single or several localized 
lesions with adenopathy were present 

An epidemic occurred in Cincinnati, Ohio, in 1947, and was reported by Feldman 
and Sabin as pneumonitis of unknown etiology (3). Twelve persons were infected 
at the time of shoveling a collection of pigeon manure from the basement of a water 
tower. The disease was mild to moderately severe, with the men recovering afte 
several months of illness. The roentgenograms of all of the men showed disseminated 
pulmonary infiltration. Figure 5 is an example of a roentgenogram from this epidemic 
taken at the time of acute illness. 

A family consisting of 2 grandparents, 6 parents, and 14 children participated in 
visiting and preparing for occupancy an old farm house on the edge of Kansas City, 
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Missouri, in July, 1947. The grandmother and 4 of the children became ill, one with 
a moderately acute illness. In addition, histoplasmin skin test conversion was demon- 
strated in the grandfather. Disseminated pulmonary lesions appeared in the most 
severely ill boy, and multiple lesions appeared in 2 other children. The other 3 persons 
showed lung infiltrations of lesser extent. The only time this particular group of 6 
persons worked together was on July 7, at which time an old chicken coop was torn 
down. 

An epidemic reported as cave sickness by Washburn, Tuohy, and Davis (1) occurred 
near Foreman, Arkansas, in 1947. This epidemic involved 25 men and boys who were 
excavating a cave on a treasure hunt. Illness in this epidemic was mild to moder- 
ately severe, with none of the men suffering long hospitalization. Chest roentgeno- 
grams again revealed the presence of typical disseminated pulmonary infiltrates. 

Figure 6 is an example of a chest film obtained during the acute illness of one 
person in this epidemic. 

An unusual type of pulmonary disease involving 6 members of a family in Detroit 
Lakes, Minnesota, has been reported by Rutledge (6). All of the members in this 
farm family became ill during the same week in January, 1948. Epidemiologic evi- 
dence suggested that the only place all members of the family could have been in- 
fected together was in their farm house. The illness in 3 of these persons was mild, 
while in the other 3 it was quite severe. Four were examined roentgenographically 
at the time of acute illness and showed the typical disseminated infiltrates. At the 
time of follow-up studies, four years later, 2 of the 6 show definite beginning miliary 
calcification. An acute-phase chest roentgenogram of one of the severely ill patients 
is shown in figure 7. 

An epidemic called angleworm pneumonia occurred in Madison, Wisconsin, in 
1948. It is to be reported by Dickie and Ackerman (4). Ten persons were involved. 
The point source was a moist area on the edge of town where fishing worms were 
being dug. Chest roentgenograms in all of the men revealed typical disseminated 
pulmonary infiltrates. The illness in this epidemic tended to be mild to moderately 
severe. Follow-up roentgenograms obtained three years after onset of illness showed 
that calcification was developing in 3 of the patients. Figure 8 is an example of an 
acute-phase chest roentgenogram from this epidemic. 

At Bath, Illinois, in April, 1951, 2 nine-year-old cousins became ill within a week 
of each other, three weeks after playing together in a hollow tree. The hollow-tree 
episode was well remembered because both boys became trapped in the tree due to 
its narrow opening, and the father of one of the boys had to bring a ladder to release 
them. The illness of both youngsters was moderately severe, one more so than the 
other. Both showed disseminated pulmonary infiltrations on roentgenographic 
examination. 

A fatal case of histoplasmosis in a five-month-old infant occurred at Bellevue, 
Iowa, in September, 1951. Infection appeared to have been contracted dt the home 
of the maternal grandparents during the first six weeks of the child’s life. She was 
then taken to California, outside the known area of histoplasmin sensitivity, and 
returned to Iowa only three days before her illness developed. The grandparents 
and their two sons were the other inhabitants of the farm. Both of these sons had 
had a mild “flu-like” illness about the time the infant had been on the farm. Both 
of these boys showed disseminated fine infiltrations in the roentgenograms of the 
chest, while the grandfather showed healed multiple pulmonary calcification. The 
child’s illness was of a progressive nature with enlargement of the liver and spleen, 
fever, anemia, and loss of weight. 
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In February, 1952, a severe respiratory illness occurred among 4 men about two 
weeks after they dismantled an old abandoned schoolhouse in Mandan, North 
Dakota. This was an extremely dusty job due to the large accumulation of pigeon 
and, possibly, bat excreta on the rafters and window casings. The illness was severe 
in all of the 4 men, the 2 who had more intimate exposure to the excreta having a 
more prolonged sickness. Chest roentgenograms of all 4 of the men showed dissemi- 
nated infiltrations. 


RESULTS 


Skin tests: The results of skin testing 94 of the 116 persons involved in the 
eleven epidemics are summarized in table 1. All of those tested reacted positively 


TABLE 1 
Resvuits or Skin Tests TUBERCULIN, BLASTOMYCIN, AND 
CoccipIoIDIN IN Persons INVOLVED IN ELEVEN EpIpeMics oF 
PULMONARY DISEASE 


NUMBER SKIN TEST REACTIONS 
or 
PERSONS 
INVOLVED 


TIME AFTER 
ILLNESS 
TESTED Blasto 


mycin 


Coccidi 
oidin 


Tuber- 


culin 


Histo 
plasmin 


1943 3/10 


Camp Crowder, Missouri 
Camp Gruber, Oklahoma 
Topeka, Kansas 
Williamsburg, Kansas 
Kansas City, Missouri 
Foreman, Arkansas 
Detroit Lakes, Minnesota 
Madison, Wisconsin 
Bath, Illinois 

Bellevue, Iowa 

Mandan, North Dakota 


1944 


1946 
1947 
1947 
1948 
1948 
1951 
1951 
1952 


Totals 


1944-1950 


9 years 0 


7 years 
2 to 6 years 
month 
month 
years 
years 
year 
months 
months 
months 


~ 


or t to 


= 


9/25 
0/4 
0/5 


20/93 10/68 


to histoplasmin. Only a small percentage of persons reacted to tuberculin, coc- 
cidioidin, or blastomycin. 

To confirm the significance of finding 100 per cent positive histoplasmin skin 
tests, it is necessary to know what percentage of a similar “‘normal’’ population 
would be expected to react to histoplasmin. In figure 9 is shown the geographic 
location of the epidemics in relation to prevalence of histoplasmin sensitivity. 
Except for the two army camp epidemics, the persons involved in the epidemics 
were residents of the locale in which the outbreaks occurred. In the case of the 
soldiers infected at Camps Crowder and Gruber, investigation revealed that in 
practically all cases their place of major residence was in states of low histoplas- 
min sensitivity. 

Age as well as residence will affect expected histoplasmin sensitivity, since 
children may have a much lower frequency of reactions than the adult prevalence 
which is shown in figure 9. Children were predominantly involved in three epi- 
demics which occurred in areas of relatively high histoplasmin sensitivity. These 


3/10 1/3 
26 25/25 4/25 2/25 

4/4 0/1 0/1 
5 5/5 0/1 0/1 
6 6/6 2/6 1/6 0/6 
25 3/17 1/14 0/14 
6 /6 1/6 0/6 0/6 
12 12 2/11 0/4 
2 2 0/2 0/2 
3 2 0/2 
5 5 0/5 1/5 0/5 
116 | 3/72 
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various facts tend to indicate that relatively few of the persons involved in the 
epidemics would have been expected to have positive skin test reactions to histo- 
plasmin. 

The demonstration of conversion of the histoplasmin skin test from negative 
to positive is evidence of recent Histoplasma infection. Fortunately, information 
on the status of the skin sensitivity to histoplasmin prior to illness was available 
on 3 children involved in the Kansas City epidemic. Routine skin testing of school 
children was being carried out in certain Kansas City schools, and these 3 chil- 
dren failed to react to histoplasmin in May prior to their illness in July. Positive 
reaction was demonstrated one to two weeks after the onset of illness. In addition, 
histoplasmin conversion was demonstrated in the grandfather of these children 


Aw LOCATION OF EPIDEMICS OF HISTOPLASMOSIS 
IN RELATION TO PREVALENCE OF HISTOPLASMIN SENSITIVITY 


Fic. 9. Map showing geographic location of the epidemics in relation to prevalence of 


histoplasmin sensitivity 


who was negative to histoplasmin one week and positive three weeks after the 
onset of the epidemic. He had no illness, but pulmonary infiltration was demon- 
strated 

Serologic tests: In table 2 are summarized the results of serologic tests for histo- 
plasmosis in each epidemic by the time interval after the onset. It was possible 
to demonstrate some serologic evidence of histoplasmosis in each epidemic. All 
but one of 54 sera obtained within three months after the onset of the epidemic 
reacted at least in a low titer, with 44 of the sera causing definitely positive 
reactions. As time elapsed after infection, the high titers decreased and the per- 
centage of doubtful and negative reactions rose. Significant falls in titer with 
time were demonstrated in many persons. 

That some of the best serologic evidence has been obtained in the four most 
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recently occurring epidemics is shown in table 2. This is due to availability of 
sera and improvement in serologic techniques in recent years 

The original publications of the serologic techniques used on these sera (14-16 
emphasized the infrequent occurrence of what could be called “false positive’’ 
reactions. Observations of the present writers (18) who use these tests as a rou 
tine screening procedure have further confirmed their specificity. 

Pulmonary calcification: The tendency of pulmonary histoplasmosis to heal 
with calcification has been demonstrated through numerous surveys (19, 20, 21 
This type of healing has been found to be much more frequent with histoplasmo 
sis than with other pulmonary mycotic infections or with tuberculosis. The 


TABLE 2 
Resuits or Seroitoaic Tests ror iN Persons INVOLVED IN 
ELEVEN Epipemics oF PuLMONARY Disease BY Time INTERVAL AFTER 


Onset or ILLNESS 


TIME INTERVAL AFTER ONSET OF ILLNESS 
NUMBER 


persons | to 3 Months/6to19 Months 2 to 4 Years 


vo 
Camp Crowder, Missouri 1943 

Camp Gruber, Oklahoma 1044 

Topeka, Kansas 1944-1950 

Williamsburg, Kansas 1946 

Kansas City, Missouri 1947 

Foreman, Arkansas 1947 

Detroit Lakes, Minnesota 1948 

Madison, Wisconsin 1948 

Bath, Illinois 1951 

Bellevue, lowa 1951 

Mandan, North Dakota 1952 


Totals 44 


* See ‘‘Materials and Methods”’ section for details of tests and interpretations 


disseminated miliary type of calcification has been particularly associated with 
histoplasmosis. Almost all persons found with this unique type of pulmonary cal 
cification have been histoplasmin reactors (7, 22, 23). The results of follow-up 
roentgenographic examinations of the chest of those involved in the epidemics 
are shown in table 3. Pulmonary calcification has been demonstrated in some of 
the persons from all of the epidemics which occurred prior to 1951. It may be seen 
in table 3 that, the longer the time interval since the occurrence of the epidemic, 
the larger the percentage of persons demonstrating calcified lung lesions. Of the 
63 persons who exhibited some type of calcification, 44 had disseminated miliary 
calcification while the remaining 19 had single or multiple lesions. Only 12 of the 


73 persons examined, who have been followed at least four years, failed to show 


calcification. 
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In regard to the inability to demonstrate much pulmonary calcification in the 
four most recent epidemics, it is worth while to reiterate that, in these four epi- 
demics, especially complete serologic evidence was obtained. 

Soil isolations: Examinations of soil samples collected at and around the point 
sources of the epidemics have yielded H. capsulatum from eleven of thirteen out- 
breaks. The isolations were from samples collected at the exact point source as 
listed above, under ‘‘Descriplion of the Epidemics,” except as follows: 


Plattsburg, New York. The site of the schoolhouse, which was being torn down at 
the time of infection, has since been cemented over and a library building erected. 
Therefore, it was not possible to obtain a soil sample from the exact point source 
of the epidemic, but 24 soil samples from nearby locations and from other areas in 


TABLE 3 
Tae Finpincs or PULMONARY CALCIFICATION IN FoLLow-Up CHEST ROENTGENOGRAMS 


on Persons INVOLVED In ELeven Epipemics or Putmonary Disease 
| PULMONARY CALCIFICATION 
NUMBER OF TIME INTERVAL 
PERSONS FO LAST Dissem-| Single 
INVOLVED ROENTCENOGRAM inated or Mul None 
| Miliary! tiple 


Camp Crowder, Missouri 1943 22 9 years 
Camp Gruber, Oklahoma 1044 26 7 years 
Topeka, Kansas 1944-1950 4 2 to7 years 
Williamsburg, Kansas 1946 f 4 years 
Kansas City, Missouri 1947 3 years 
Foreman, Arkansas 1947 2 4 years 
Detroit Lakes, Minnesota 1948 5 4 years 
Madison, Wisconsin 1948 ‘ 3 years 
Bath, Illinois 1951 1 year 
Bellevue, lowa 1951 : 1 year 
Mandan, North Dakota 1952 f 6 months 


to 


Totals 116 


Plattsburg were studied. One positive for Histoplasma was obtained from the dirt 
basement of a church two doors from the original site. 

Camp Crowder, Missouri. Of 24 samples examined from the area of activity of the 
company involved, 3 yielded Histoplasma. These 3 samples came from in and around 
different buildings located along a 100-yard stretch of road. 

Detroit Lakes, Minnesota. Of numerous samples from the vicinity of the farm 
which were cultured, one positive sample was found. This sample came from loose 
dirt underneath the kitchen floor where the warming stove was located. 

Bellevue, Iowa. The one sample from this farm positive for Histoplasma came 
from along the edge of the farmhouse below the living-room window where the wood 


stove was located. 


The two point sources from which Histoplasma has not as yet been isolated are 
the Mandan, North Dakota, schoolhouse site and the Williamsburg, Kansas, 
farm. In the latter case, a fungus grossly resembling Histoplasma was passed 
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through mice. However, its failure to develop the characteristic tuberculated 
spores has so far prevented identification. 

It is emphasized that, with the exceptions noted above, the fungus was isolated 
from the exact point source of the epidemics (cave, storm-cellar, tower, et cetera) 
and not from samples taken from surrounding areas. 

Other epidemics: In addition to the thirteen epidemics discussed above and the 
one reported by Loosli and associates (8), several other outbreaks of disseminated 
pneumonitis have occurred. Serologic evidence that the outbreak was histoplas- 
mosis has been obtained in three such epidemics. One, which is being studied by 
Dr. David Smith and has been referred to by Sabin (3 b), involved 7 men who 
had shoveled pigeon excreta from a church belfry in Warrenton, North Carolina, 
in 1945. Another occurred in 1948 on a farm near Taneytown, Maryland, where 
4 brothers became ill after shoveling out a cow barn (24). The most recent epi- 
demic (1951) involved 3 workmen who had scraped bat dung from a bridge in 
Maryland (25). 

This type of disease occurs in single cases as well as in epidemics. The writers 
have studied 2 cases of disseminated pneumonitis diagnosed serologically as his- 
toplasmosis and accompanied by a history of activities similar to those of the 
epidemics. One case involved a farmer who had recently cleaned out a pig barn, 
and the other involved a man who had cleaned out a chicken coop. Histoplasma 
was isolated from the chicken coop. 


DISCUSSION 


With the exception of the infant who died of histoplasmosis associated with 
the Bellevue, Iowa, epidemic, the fungus was not isolated from patients involved 
in the series of outbreaks herein reported. The proof of the nature of the etiology 
of these epidemics is therefore less direct. The nature of the proof presented might 
well be inconclusive in an individual case. It is the occurrence of groups of cases 
with similar reactions that makes this type of etiologic evidence secure. More- 
over, the series of groups of cases with similar clinical findings and similar reac- 
tions to the etiologic studies seemingly provides conclusive evidence of etiology. 
While a possible criticism of the skin test and serologic evidence might be that a 
yet unknown fungus closely related antigenically to Histoplasma capsulatum 
could give similar reactions, this is not tenable in the face of the frequent isolation 
of Histoplasma from the point sources of the epidemics. 

In the companion paper (9), which presents the epidemiologic studies of these 
epidemics, it is concluded that the mode of infection in these outbreaks is by in- 
halation of air-borne Histoplasma spores, and that the natural reservoir of the 
fungus is its saprophytic growth in nature. 


SUMMARY 
The etiologic studies of a series of epidemics of disseminated pneumonitis are 


presented. 
Of 116 persons involved in the outbreaks, 94 were skin tested and all reacted 


to histoplasmin. 
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Complement fixation and precipitin tests for histoplasmosis showed high 
titer reactions in most of those sera obtained within three months of onset of 
the epidemics, with falls in titer thereafter. Some serologic evidence of histo- 
plasmosis infection was obtained in each epidemic. 


Pulmonary calcification was demonstrated to be present in 61 of 73 persons 


who were examined roentgenographically at least four years after onset of the 

epidemic in which they were involved. In 42 of these persons with calcification, 

the process was the disseminated miliary type. 

Histoplasma capsulatum has been cultured from soil samples obtained at the 

place of infection (point source) in eleven of thirteen epidemics examined. 

It is concluded that, because of the occurrence of the disease in groups of 
people, the reported etiologic studies provide conclusive evidence that the epi- 
demics were histoplasmosis. 


SUMARIO 
A paricion de Histoplasmosis en E pide mias: Estudios etioldgicos 


Estos estudios etiolégicos comprenden una serie de epidemias de neumonitis diseminada 

De 116 personas que figuraron en los brotes, se hicieron cutirreacciones en 94 y todas 
reaccionaron a la histoplasmina 

Las pruebas de fijacién del complemento y de precipitinas para histoplasmosis acusaron 
reacciones a titulos altos en la mayor parte de los sueros obtenidos en término de tres meses 
de la iniciacién de las epidemias, con disminucidn del titulo a partir de entonces 

Descubriése calcificacién pulmonar en 61 de 73 personas examinadas roentgenografica 
mente a lo menos cuatro afios después de la iniciacién de la epidemia en que habian figurado. 
Cuarenta y dos de las que tenfan calcificacién revelaban la forma miliar diseminada 

En 11 de 13 epidemias estudiadas se cultivé el Histoplasma capsulatum de muestras del 
terreno obtenidas en el lugar de la infeccién (punto de concentracién 

Dedtcese que, debido a la ocurrencia de la enfermedad en grupos de personas, los estudios 
etiolégicos presentados ofrecen prueba terminante de que las epidemias eran de histo 


pl 


RESUME 


La fréquence de Uhistoplasmose dans les épidémies: Etudes étiologiques 
Présentation d’une étude étiologique sur une série d’épidémies de pneumonies diss¢minées. 


Parmi les cent seize individus compris dans ces épidémies, un test cutané a été pratiqué 
chez quatre vingt quatorze sujets. La réaction a l’histoplasmine a été positive chez tous 

Sur un nombre de cent seize individus compris dans ces épidémies, un test cutané a été 
pratiqué chez quatre vingt quatorze sujets. La réaction A l’histoplasmine a été positive 
chez tous 

La réaction de fixation du complément et le précipitine test de Vhistoplasmose ont 
montré des réactions d'un titre trés élevé dans la plupart de ceux des sérums qui ont été 
obtenus dans les trois mois qui ont suivi de début des épidémies; & partir de ce moment, le 
degré de la réaction s’abaissait 

La calcification pulmonaire a été démontrée chez soixante-et-un sujets sur les soixante- 
treize pour lesquels des radiographies ont été faites quatre ans au moins aprés le début de 
l’épidémie qui les avait affectés. Chez quarante deux de ces sujets, porteurs de calcification, 
on observait la forme miliaire disséminée. 

Le Histoplasma capsulatum a été cultivé a partir d’échantillons du sol prélevés sur les 
lieux de l’infection (‘‘point source’’) dans onze épidémies sur les treize ayant été étudiées 
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La fréquence de |’histoplasma dans les groupes de la population permet de conclure 
d’aprés les études étiologiques rapportées que ces épidémies étaient constituées par 
l’histoplasmose 
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THE GROWTH OF MAMMALIAN TUBERCLE BACILLI IN 
TWEEN-ALBUMIN LIQUID MEDIUM! 


I. Observations on the Proportion of Viable Organisms, the Cytology, and the Virulence 
of Bacilli at Different Stages of Growth of Strain H37Rv 


FRANK FENNER anv RONALD H. LEACH 
(Received for publication April 17, 1953) 


INTRODUCTION 


The introduction of the Tween-albumin liquid medium (1), which supports 
dispersed growth of virulent mammalian tubercle bacilli, and the development of 
relatively accurate methods of performing total and viable counts of tubercle 
bacilli (2) have made it possible to study the growth of these organisms in liquid 
culture media in the same manner as with other bacteria. The present paper re- 
ports the results of such investigations with a standard laboratory strain of 
virulent human-type tubercle bacilli, H37Rv, and a succeeding paper describes 
the results of similar studies with the attenuated bovine strain, BCG. 

In addition to total and viable counts of the bacilli at various stages of growth, 
studies have been made of the bacterial cytology, and measurements made of the 
bacterial density with a photoelectric absorptiometer. Bloch’s demonstration (3) 
of the different virulence of young and old cultures of mammalian tubercle 
bacilli suggested the inclusion of an assessment of the virulence of the cultures 
throughout the growth of the cultures. The effect of the age of the culture on 
the neutral red test of Dubos and Middlebrook (4) has also been investigated. 


MATERIALS AND METHODS 


Bacterial strain: Strain H37Rv of M. tuberculosis var. hominis was kindly provided by 
Dr. R. J. Dubos. 

Culture media: The liquid medium was the Tween-albumin medium (5), containing 
0.05 per cent of Tween 80,?0.5 per cent of bovine albumin fraction V, and 0.5 per cent 
of glucose. Viable counts were carried out on oleic-acid-albumin-agar solid medium poured 
in three and one-half-inch Petri dishes over a saline-agar base 

Mice: Mice were bred in the Walter and Eliza Hall Institute of Medical Research. The 
stock, which is multicolored, has been maintained by constant outbreeding between mice 
of different colors and parentage. Six- and seven-week-old mice of both sexes were used 

Undiluted formalin was added to all samples except those used for the viable counts 
and animal inoculations so that the final concentration was 1 per cent 

Total bacterial counts: Total bacterial counts were made in a Petroff-Hausser chamber, 
using a reinforced coverslip and a binocular phase-contrast microscope with oculars X20 
objective X20 (Zeiss ‘‘Lumipan’’). A full description of the technique and an assessment 


of its accuracy has been published (2) 


1 Department of Microbiology, John Curtin School of Medical Research, The Australian 
National University, Canberra, Australia 
? Tween 80 is the proprietary name of the polyoxyethylene derivative of Sorbitan mono- 
oleate, obtainable from the Hill Top Laboratories, Inc., 921 Wm. H. Taft Road, Cincinnati 
6, Ohio. 
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Viable counts: Surface drop counts were made on oleic-acid-albumin-agar medium 
according to the technique described elsewhere (2) 

State of dispersion and proportion of acid-fast to nonacid-fast bacteria: The state of dis 
persion of the bacilli and the proportion of acid-fast to nonacid-fast organisms was de 
termined on drops of the culture suspension. Two hundred bacterial units (clumps and 
isolated bacilli) were counted on each occasion. Films of each preparation were prepared 
daily and saved until the end of the first week, when all were stained by the Zichl-Neelsen 
method, care being taken to ensure that the duration of staining and decolorization was 
the same for each film 

The total number of bacilli per ml. was calculated according to the formula 


V =n(—a+ 2b... 
100“ * 100 


where V = total number of bacilli per ml 
n = total count (bacterial units per ml.) 


I 
(— a + 100 b ) = clumping factor: a, b, et cetera being 1, 2, et cetera bacilli per 


bacterial unit; z, y, et cetera being the percentage of bacterial 
units containing a, b, et cetera bacilli per bacterial unit 

Cytology of the bacteria: The cytology was studied with the phase-contrast microscope, 
using unstained bacilli, and in preparations stained by Robinow’s acid-Giemsa method (6) 
Initial suspension of the bacilli in petrol-ether gave excellent dispersion of the organisms 
on the coverslip and improved the differentiation between nucleus and cytoplasm. Nuclear 
counts were made by examining at least 100 individual bacilli, selecting those in which 
there was a clear differentiation between nucleus and cytoplasm. Examinations were made 
with a Zeiss ‘“‘Lumipan’’ microscope, using an achromatic X90 oil-immersion objective, 
10 oculars, and a green filter 

The length of the bacilli was measured with an ocular micrometer. Films of unstained 
bacilli, deposited from petrol-ether on a coverslip, fixed with osmium tetroxide, and 
mounted in water, were examined with the phase-contrast microscope. No attempt was 
made to measure the thickness of the bacilli. 

Turbidity measurements: The optical density was measured in a Hilger-Spekker photo 
electric absorptiometer, using neutral glass filters and standardizing against a blank con 
sisting of uninoculated culture medium of the same batch as that used for the cultures 
The optical density has been expressed in the tables as the direct scale reading or a multiple 
thereof 

Preliminary tests with the Spekker absorptiometer indicated that with this instrument, 
as with other instruments (7, 8), the absorptiometer reading was directly proportional to 
the concentration of bacilli until relatively concentrated suspensions were used (readings 
greater than 0.6 with this instrument). In the later stages of growth, cultures were there 
fore diluted with uninoculated Tween-albumin medium before the determination of the 
optical density 

Neutral red test: The neutral red test was carried out by the technique described by 
Dubos and Middlebrook (4) 

Virulence for mice: Following Bloch’s demonstration of the different virulence for mice 
and rabbits of cultures of virulent tubercle bacilli of varying ages, tests were made by the 
intravenous inoculation of 6- to 7-week-old mice with cultures which had been incubated 
for different periods of time. The cultures were concentrated (or diluted) so that the 
inoculum contained approximately 5 X 10* bacterial units in the first experiment (Ezpert- 
ment I) and approximately 5 X 10’ bacterial units per ml. in the second experiment (Ezperi- 
ment 

In Experiment I the bacilli were spun out in a horizontal centrifuge, washed in un 
inoculated Tween-albumin medium, and spun out again. The supernatant fluid was dis- 
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carded and the deposit resuspended in the volume of uninoculated Tween-albumin medium 
required to give the estimated concentration. The actual concentration was then checked 
by making a total count in the Petroff-Hausser chamber. In the second experiment, dilution 
or concentration was effected without preliminary sedimentation and discard of the super 
natant culture medium 

On each occasion 20 mice were inoculated intravenously with 0.1 ml. of the final sus 
pensions. Autopsies were performed on all animals when they died. When it was thought 
necessary, smears were made from appropriate organs and stained for acid-fast bacilli 

Statistical treatment of results: The statistical handling of the results of the total and 
viable bacterial counts was discussed in some detail in an earlier publication (2), and 
similar methods were used here 

The parameters determined were: 


oz 
the mean, 2 = — 
n 


— 2)! 
the variance, = - 


the standard error of the mean, Sf = 
Vn 


To determine the growth constants, the results obtained in various investigations were 
converted to log: values and plotted on graph paper. The significant portion of the growth 
curve for the determination of the exponential growth rate was determined by inspection, 
and a straight line was fitted to the data for this portion of the curve by the method of 
least squares (9) 


EXPERIMENTAL PROCEDURE 


Three experiments were performed. The essential differences in their arrange- 
ment are shown in table 1. In the first, the inoculum consisted of a 7-day-old cul- 
ture of H37Rv which had been prepared by inoculating 99 ml. of culture medium 
with 1 ml. of the original liquid culture prepared from an isolated colony of the 
organism. This “‘starter culture” contained 6.8 X 10’ bacterial units per ml. 
Eighty 250 ml. conical flasks, each containing 99 ml. of culture medium, were 
inoculated with 1.0 ml. of the 7-day-old culture suspension. All culture flasks 
were brought to 37°C. before inoculation, and the flasks examined at two and four 
hours after inoculation were incubated in a 37°C. water bath. They were capped 
with cellophane and placed in an incubator operating at 37°C. Those incubated 
for more than a week were made up to the original volume by the addition of dis- 
tilled water if necessary. 

At various intervals an appropriate number of flasks were removed. It was 
impossible to perform all of the tests immediately, and the following routine was 
adopted. At the time of removal of the culture, total and viable bacterial counts 
were made, the optical density was measured, and mice were inoculated for viru- 
lence tests. Material was also prepared for the other tests. Drops were deposited 
on slides and stained by the Ziehl-Neelsen method at the end of the first week. 
The material required for study of the cytology was deposited in the centrifuge 
and resuspended in petrol-ether. The petrol-ether suspension was stored in the 
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refrigerator until opportunity offered to make and examine the films stained by 
Robinow’s method. Aliquots of the cultures were stored in the refrigerator, and 
the neutral red tests on all specimens were carried out together. 

Owing to a fault in the preparation of the solid medium, viable counts in the first 
experiment were irregular and unsatisfactory. A second experiment, similar in 
general design to the first but with certain modifications, was therefore performed. 
In Experiment I] the 7-day-old culture used as the inoculum contained 7.0 X 10’ 
bacterial units per ml. One ml. of this culture was inoculated into 29 ml. of fresh 
culture, in 100 ml. conical flasks, instead of into 99 ml. of culture as in Experiment 
I. The higher bacterial concentration in the inoculated flasks simplified and ren- 
dered more accurate turbidity measurements and total counts made in the early 
stages of growth. The procedure in the later stages of the experiment were the 
same as have just been described, but different dosages were used for the inocu- 


lation of mice. 


TABLE 1 

Tae Tota. Counts (Bacrertat Units per ML.) ABSORPTIOMETER READINGS OF 
THE Fresaty INocuLaTep FLasKs 

RATIO: TOTAL COUNT ABSORPTIOMETER 


EXPERIMENT ‘ VOLUME OF INOCULUM (BACTERIAL UNITS READING 


NUMBER 
VOLUME OF MEDIUM IN FLASKS PER ML. X 10 (X 1,000 


days 
1/99 6.8 
1/29 24.0 


I 
II 


IITA 3 5/25 145.0 
21 


IIIB 5/30 151.0 


* Suspension too dilute to register a reading on the absorptiometer. 


A further experiment (Experiment II1) was performed to determine the effect 
of the age of the inoculum on the growth curves. Two series of flasks were inocu- 
lated with the same culture of H37Rv, one when this was three days old (IIT A) 
and the other when it was twenty-one days old (III B). The 3-day-old culture 
was first concentrated by centrifugation, and both were freed of large clumps by 
centrifugation at a low speed. With the first culture (III A), 5 ml. of inoculum 
were added to 25 ml. of culture medium in 250 ml. flasks, and the total count of 
the newly inoculated flask was approximately 1.5 < 10’ bacterial units per ml. 
With the older culture (III B), 5 ml. were inoculated into 30 ml. of medium, and 
the total count of the newly inoculated flask was also 1.5 X 10’ bacterial units 
per ml. In this experiment each flask yielded three successive samples, instead 
of separate flasks being used for each sample as in the previous experiments. 


RESULTS 


The results of the three experiments are condensed in tables 2, 3, and 4. In 
order to simplify the results, the various investigations are considered separately 


or in small groups. 


15 
44 
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Bacterial Growth Phases 


The data of Experiment II which bear on bacterial growth phases, namely, 
the total counts, the nephelometric readings, and the estimation of total numbers 


TABLE 2 
Tue Resvits or Experiment I. FLasxs nino 99 Mu. or Mepium Were INOCULATED 
with 1 Mu. or Seven-Dar-O_p CuLture ConTAINING 6.8 X 10’ BacTERIAL 
Units per Mi. 


TOTAL COUNT TOTAL VIRULENCE 
( UNITS 
BACTERIAL BACILLI AVERAGE MICE 
PER ML. X 10°) OPTICAL 
PER ML. AVERAGE NUMBER 
AGE OF ING® (SCALE Mean Mortality 
CULTURE . 3 a Times (in Days) 
Standard "ACTOR | count X 1,000) 

Mean Error of CLUMPING ’ BACILLUS 
Mean FACTOR) 
50% 75% 


0 hours 34 >60 
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6.0 
22.0 
9.0 
1.5 
4.0 
0.5 33 
26.0 2 39 
10.0 56 
4.0 | 41 61 
20.0 41 >70 


& 
of 


114 
132 
217 
450 
l 1,930 
9 1,990 
8 2,530 
2 4,040 
4 

6 


www 


~ 


wow ww w 


w 
Noowoarec @ 


ao 


1,133.0 98.! 
4,075.0 66 


3,850 
14,700 


wow 


* Clumping factor = average number of bacilli per bacterial unit. 

t Material from a number of flasks was unsatisfactory for turbidity determinations, 
due to the presence of a deposit in the medium. 

¢ Figures indicate the percentage of bacterial units containing at least one nonacid- 
fast tubercle bacillus 

§ = Mean mortality times (days) at times of 25 per cent, 50 per cent, and 75 per cent 
mortality in the group 


of bacilli, have been converted to log, values and are shown graphically in figure 
1. More detailed observations, obtained during the first seventy-two hours of 
growth in cultures initiated with inocula which had been grown for three and 
twenty-one days (Experiment III), have been similarly set out in figure 2. In 
all instances the figures for optical density have been adjusted so that the initial 
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ordinates for total count (bacterial units) and the absorptiometer reading were 
the same. 

Straight lines were fitted by the method of least squares to all data in the 
interval during which the rate of increase appeared to be exponential (usually 
twenty-four to seventy-two hours, inclusive) and the following growth constants 
(10) were determined from regression equations (R and @) or the graphs (7; 
and L). 

_ logets — logex, 


Exponential growth rate (R) = — 
1 


l 
Generation time (G) = R hours 


logez, loger. 
R 


Lag time (7,) = 


Growth lag (L) = 7,. R. 


Xo, Ly, Li, L2 are the optical densities (or bacterial counts) at times o, r, &, 
and &. 

The results obtained are set out in table 5. 

The exponential growth phase: In Experiment II the optical density of the cul- 
tures increased exponentially between the end of the first day and the end of the 
third day. Thereafter there was an increasing retardation of growth, as deter 
mined by turbidity measurements. Exponential increase in the number of bac- 
terial units persisted for a day longer, until the end of the fourth day, and the 
subsequent retardation was slower than that of the optical density. This diver- 
gence could not be completely explained by a decrease in the degree of aggrega- 
tion of the bacilli, although there was a definite decrease in the average number 
of bacilli in each bacterial unit. The other contributing factor was probably 
the decrease in size of the individual bacilli with the passage of time. 

The results obtained in Experiment I were on the whole in agreement with 
those recorded in Experiment IT, although the low concentration of bacilli in the 
inoculum rendered accurate total counts and turbidity measurements difficult 
to obtain during the first two days of the experiment 

The more accurate measurements of Experiment III, obtained by the use of 
larger inocula and more frequent sampling, allowed more accurate calculations 
to be made of the exponential growth rate and the generation time. With the 
3-day-old (III A) and 21-day-old (III B) inocula, the slopes of the curves were 
almost identical. The generation time during the period of exponential growth 
was approximately eighteen hours. 

The generation times determined from total counts (bacterial units) are also 
shown in table 5. In the experiments with large 3-day-old and 21-day-old inocula, 
the values were almost identical with those obtained by consideration of the 
optical density, but in Experiment I] the generation time based on bacterial 
counts was longer than that determined from the optical density of the cultures 
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The lag phase: It is not possible to differentiate accurately the lag and accelera- 
tion phases in any of the curves obtained, but consideration of figure 2 (Experiment 
111), in which estimations of the opacity and the number of bacterial units were 
made at frequent intervals during the first forty-eight hours, suggests that there 
was little detectable change in either for approximately four hours. Both the 


TABLE 4 


Resvuits or Exrermment III. Frasxs Contarnine 25 Mt. (III A) on 30 Mt. (III B) or 
Mepium Were Inocutatep witn 5 ML. or Cuiture or Aces SaHown 


TOTAL COUNT 
(BACTERIAL UNITS 
PER ML. X 10°) 


(SCALE READINO 


CLUMPING 


FACTOR) ACID-PAST 


BACILLUS 


OPTICAL DENSITY 


AVERAGE LENGTH 
OF BACILLI 


2.7 2 
2.5 3 
2.6 4 
2.7 5 
2.3 7 
2.9 57 13 
2.9 11 
2.5 1 
2.7 1 
3.5 9 
3.3 7 
3.7 | 2 


ewonnn 

o o 


Symbols as in table 2. 


lag and acceleration phases are included in the lag time (7). From table 5 it 
appears that the lag time was only slightly shorter when a 3-day-old culture 
was used to initiate the culture than when a 21-day-old culture was used. The 
lag time was the same with the 3-day-old inoculum (III A), whether determined 
by measurements of the optical density or the total count, and with the 21-day- 
old inoculum (III B) the interval was slightly longer when determined by the 


PERCENT- 
| | gE | or 
UNITS PER PER ML. + 
AGE OF AGE OOF ML. X ING x 10 
INOCULUM CULTURE (TOTAL MEd ar 
Stand- Tor | count X al <= non- 
Mean ard Mean ard 
Error Error | < 
0 hours 145 | 7.325 88 | 3.352) 
2 149 | 9.00 103 8.08 | 
4 157 6.45 
7 152 5.69 
9 171 4.52 
3 days | 14 178 | 7.86 
IIIA 16 195 | 10.83 
| 18 258 | 11.13 
22 256 9.82 
26 328 | 15.35 | 
39 384 14.01 
49 869 | 48.0 
0 151 5.98 125 | 4.872) 2.6 393 29 | 2. 
2 134 7.84 102 —- 2.7 361 29 | 2. 
4 160 8.81 2.5 400 20 | 2. 
| 8 185 9.13 2.2 407 34 «3. 
| 12 173 | 10.76 2.7 467 37 | 3. 
21 days | 16 199 10.43 _— 43 3. 
| 193 9.3 2.2 425 45 3. 
24 248 | 10.7 -- §2 | 3. 
28 293 11.53 2.3 674 61 7.0 
36 394 15.99 2.7 1,064 80 8.0 
49 636 18.7 2.2 1,400 137 2.5 12.0 
| 72 1,360 46.36 2.6 3,540 203 «(2.1 1.0 
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results of the total counts. Microscopic observation of the bacterial cells, the 
results of which are described at some length in a later section, showed that ob- 


total baci 
total bacterial 
-—~ optical density 


Fic. 1. Growth curves in Experiment IJ. Ordinates: log: values of the optical density, 
the total count of bacterial units per ml., and the total bacilli per ml. of cultures incubated 
for periods varying from 12 hours to 28 days. Values for optical density adjusted so that 
the initial value coincides with that of the total! count (bacterial units). Total bacilli per 
ml. equals total bacterial units per ml. (counted in Petroff-Hausser chamber) X clumping 
factor (average number of bacilli per bacterial unit). 


0---0 total bacterial units 
optical density 


1 ‘ 
40 4 72 
hours 

Fic. 2. Growth curves in Experiment III. Ordinates: log: values of the optical density 

and the total count of bacterial units per ml. (counted in Petroff-Hausser chamber) of cul 

tures incubated for periods varying from 2 to 72 hours. Values for optical density adjusted 

so that the initial values coincide with those of the total counts. Straight lines fitted by the 

method of least squares for the exponential growth phase. III A, 3-day-old inoculum; 
III B, 21-day-old inoculum 
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servable changes in the size of the cells occurred within two hours of inoculation 
in III A, but not until the fourth hour in III B. 

The short lag periods which occurred when cultures grown for shorter or 
longer periods in the Tween-albumin liquid medium were reinoculated into 
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fresh batches of the same medium are in striking contrast to the results recorded 
by Engbaek (11), who compared, by direct microscopic observation, the initial 
growth on oleic-acid-albumin-agar solid medium of cultures which had been 
grown for three days and two or three weeks in Tween-albumin medium. The 
young cultures grew uniformly and without any noticeable latent period, whereas 
with the 3-week-old cultures there was a distinct latent period, and the bacteria 
appeared to be less refractive and more granulated. The size of the colonies was 
very much less after four days’ cultivation of the old bacilli than of the young 
bacilli, a result which he considered was not completely explained by the greater 
clumping of the younger cultures. 

Viable counts of the contents of the newly inoculated flasks (tables 3 and 4) 
showed that the observed lag was a true physiologic process, and not an artefact 
due to the inclusion of a large proportion of nonviable cells in the inoculum (12). 


TABLE 5 
Growts Constants or H37Rv Grown 1n Tween-ALBUMIN MepiUm 


EXPON- 
ENTIAL 
EXPERIMENT PROPERTY MEASURED INTERVALS GROWTH 


LAG Timez GRowrTa 
RATE 


rach(L 


Opacity : : 0.061 
Total bacilli 8 0.045 
Total bacterial units 28 0.044 


Iil A (3-day-old Opacity - 0.053 18.8 
inoculum) Total bacterial units 


Ill B (21-day-old Opacity , 0.054 
inoculum) Total bacterial units ; ‘ 0.054 ; 10.5 


The phase of retardation: With tubercle bacilli growing in a dispersed state in 
the Tween-albumin medium, arithmetic linear growth occurs after the end of 
the exponential growth phase (13, 14). Fisher and Kirchheimer observed the 
occurrence of this stage of arithmetic linear growth by plotting the readings for 
the optical density arithmetically instead of logarithmically. In figure 3 the total 
counts and absorptiometer readings obtained in Experiment II have been 
plotted on an arithmetic scale and clearly indicate an arithmetic linear increase 
in the opacity between the third or fourth day, when the phase of exponential 
growth ceases, and approximately the seventeenth day. The arithmetic linear 
increase in the count of bacterial units was less prolonged (seven to fourteen 
days). Examination of figure 2 shows that these periods coincide fairly accurately 
with the phase of retardation of these two properties of the culture. 

Stationary phase: The optical density remained unchanged between the twenty- 
first and twenty-eighth days of Experiment I], but there was a slight fall (20 
per cent) in the cell count. There was no evidence of autolysis similar to that 


hours howrs hours 

II 16.0 21.0 1.0 
22.0 40.0 1.47 
23.0 11.0 0.45 
7.0 0.37 
0.56 
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reported to occur by Schaefer, Marshak, and Burkhart (8) when they used cul- 
ture medium containing an excess of glucose and limiting amounts of a nitrogen 
source. 

The yield of bacilli: The yield of bacilli, in terms of bacterial mass (optical 
density) and numbers of bacilli, at weekly intervals after inoculation is shown in 
table 6. Experiment 111 was terminated too soon to determine these values. The 
yield in the second experiment, in which the inoculum was larger and the volume 


arithmetic linear growth 


2 
° 


Fig. 3. Growth curves in Experiment I] plotted arithmetically. Ordinates: values for 
optical density and total bacterial units per ml. (counted in Petroff-Hausser chamber) 


plotted on an arithmetic scale 


TABLE 6 


Tue Yrevp at Various INTERVALS AFTER INOCULATION, Expressep as ToTaL Count 
(BactertaL Units Per ML.), Totat anp OpticaL Density 
TOTAL COUNT . 17 OPTICAL DENSITY 
(BACTERIAL UNITS PER ML. X 10 TOTAL BACILLI PER ML. X 10 SCALE READING X 1,000 
EXPERIMENT 


7 days 14 days 21 days 7 days 14 days 21 days 7 days 14 days 21 days 


I 11.3 40.1 25 3! 450 556 
II 150.0 190.0 j 2,000 2,860 


of fluid in the culture flask smaller, was considerably higher than in the first 
experiment and was of the same order as the yields of BCG obtained under 
similar conditions (see paper II, which follows). 

The relationship of the viable and total counts: Wilson and Schwabacher (16) 
reported that there were only 5 to 8 per cent of living bacilli in a suspension of 
mammalian tubercle bacilli prepared by grinding with a mortar and pestle the 
growth obtained from the surface of an egg medium. Owing to the unsuitability 
of the media used for the detection of viable organisms, they considered that this 
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figure might be an underestimation of the true position, but Wilson believed 
that, with tubercle bacilli, as with other microorganisms (17), only a proportion 
(and probably a small proportion) of bacilli in a culture were viable and capable 
of reproduction. Experiments reported earlier (2) indicated that, when a variety 
of pathogenic Mycobacteria were grown in Tween-albumin medium and tested 
for their viability on oleic-acid-albumin-agar medium, there was almost 
always a close correspondence between the total count and the viable count. 
The results shown in table 3 confirm this view and indicate that the same high 
ratio of viable to total bacterial units existed throughout the twenty-eight days 
of the experiment. This conclusion is confirmed by the direct microscopic ob- 
servations reported by Espersen (18) and Engbaek (11). 


Cytologic Observations 


The morphology of the bacteria was examined from several aspects, namely, 
the size of the bacilli, their state of aggregation, the numbers of nuclei, and the 
appearance after staining by the Ziehl-Neelsen technique. 

Size of the bacilli: The size of the bacterial cells varied considerably at different 
stages of growth. The length measurements of randomly selected bacteria from 
cultures of various ages (Experiment III) are shown graphically in figures 4 and 
5. Average lengths are shown in the appropriate tables. The composition of the 
“starter” cultures, in terms of the sizes of the bacterial cells, varied according to 
the age of the culture. In the 3-day-old “starter” culture, there werea considerable 
number of elongated cells which were not present in the older “‘starter’’ cultures. 
With the 3-day-old “starter” culture, there was a pronounced shift to the right 
in the histogram, i.e., a larger proportion of elongated bacilli, by the end of the 
second hour after cultivation, whereas the change at this time in the 21-day-old 
culture was slight. In the latter culture also, however, there were no very small 
bacilli present in the four-hour specimen, and there was then an increasing 
number of longer forms. In both cultures the maximum average length of bacilli 
and the greatest number of long organisms occurred eight hours after inoculation. 
Thereafter the number of long forms diminished until, by the forty-eighth hour, 
there were very few long bacilli and, by the end of the third day, the average 
length of the bacilli was slightly more than half that found at the eighth hour. 
These changes can readily be seen in figure 5, in which the average length of the 
bacilli and the percentages of small (less than 2.5u) and large (more than 4,) 
bacilli are plotted. 

In both experiments the average size of the bacilli at the end of the third day 
was much less than in the original “starter” cultures, even the 21-day-old one. 
This relatively rapid transition of the bacilli to a mature morphology was doubt- 
less due to the size of the initial inoculum in these experiments. They were more 
than twenty times as concentrated as the freshly inoculated cultures used for 
preparation of the “starter” cultures. It is possible, also, that on more pro- 
longed incubation an increase in cell length might have occurred at about the 
sixth day. 

The frequency of short (less than 2u) and long (more than 3y) bacterial cells, 
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together with the average length in microns of the same cells as those on which 
the nuclear counts were made, are set out in figure 6 (top). The “starter” culture 
in this experiment was a 7-day-old culture. There was no significant change in 
the length of the bacilli at the two-hour and four-hour counts, but the proportion 
of longer bacilli was greatly increased at six hours. Thereafter, the proportion of 
long bacilli and the average length of the bacilli rose to reach a maximum at the 
tenth hour and continued at a high level until the twenty-first hour. After the 
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Fic. 4. Histograms showing the distribution of bacilli of different lengths at various 
intervals after inoculation of the culture medium in Experiment II]. III A, inoculum 
consists of 3-day-old culture; III B, inoculum consists of 21-day-old culture. Distributions 
shown as the percentage of bacilli measuring 1, (1.5), 2, et cetera micrometer units (1 mi 
crometer unit = 1.3y) 


end of the first day, the proportion of smaller bacilli rose appreciably and fluctu- 
ated between 20 and 30 per cent for the remainder of the experiment. There was 
an increase in the proportion of longer bacilli between the fifth and the four- 
teenth days, and the average length of the bacilli rose during this period also. 
There was no evidence in these results that any of the bacilli corresponded to 
the “B” forms of Pulvertaft (19) and failed to proliferate. At no stage either 
during the performance of the total counts or the examination of the Giemsa- 
stained smears were any abnormally small objects seen which might correspond 
to the filterable forms of tubercle bacilli described by some writers, nor was there 
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a disproportion between total and viable counts which might be ascribed to small 
forms unrecognized in the total counts but capable of initiating the development 
of a colony on the solid medium. 

The nuclear apparatus: Nuclear staining of tubercle bacilli presents certain 
technical difficulties, and the preparations were by no means.as clear as those 
made with other species of bacteria. Nevertheless, in the majority of stained 
preparations, dark areas which were interpreted as nuclei were seen with about 
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Fia, 5. The changes in the average length of bacilli, and the percentages of small (less 
than 2.54) and large (more than 4y) bacilli at various intervals after inoculation of the 
culture flasks in Experiment III. III A, inoculum consists of 3-day-old culture; IIT B, 
inoculum consists of 21-day-old culture. Ordinates: 2, 3, 4 = average length of bacilli (u); 
20, 40, et cetera = percentages of short and long bacilli 


the same degree of clarity as they are shown in the photographs in Bisset’s 
paper (20). Direct examination of fixed unstained bacilli by phase contrast 
suggested that the dark areas of the stained bacilli corresponded to areas of 
similar size and location in the unstained preparations, as Tulasne (21) and Stem- 
pen (22) found with F. coli and Proteus vulgaris. 

The relative proportions of bacilli with few (one or two) nuclei and many 
(five or more) nuclei, together with the average number of nuclei per bacterium, 
in cultures of different ages in Experiment I are shown graphically in figure 6 
(bottom). Figures for the average number of nuclei per cell are shown in table 1. 
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An increase in the proportion of cells with several nuclei occurred within two 
hours of inoculation of the culture flasks, even though there was at this time no 
increase in the length of the bacilli. The number of cells with few nuclei fell 
greatly, and those with many nuclei increased greatly, up to the fourteenth 
hour after inoculation. The average number of nuclei per bacillus then fell 
rapidly, this fall preceding by some ten hours the decrease in length of the bacilli 
(figure 6). After dropping to a low value at the end of the third day, the average 
number of nuclei per bacterium rose somewhat and remained fairly constant 
until the fourteenth day. In old cultures (21 days and 28 days) the bulk of the 
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Fic. 6. (Upper) The changes in the average length of the bacilli and the percentages of 
small (less than 2u) and large (more than 3y) bacilli at various intervals after inoculation 
of the culture flasks in Experiment J (inoculum consists of 7-day-old culture). Ordinates as 


in figure 5 
(Lower) The changes in the average numbers of nuclei per bacillus and the percentages 
of bacilli with few (less than 3) or many (more than 4) nuclei at various intervals after 


inoculation of the culture flasks in Experiment J. Ordinates: 3, 4,5 = average number of 
nuclei per bacillus; 20, 40, et cetera = percentages 


cells contained only a single nucleus (approximately 15 per cent) or two nuclei 
(approximately 45 per cent). 

In Experiment I], nuclear counts were made only at daily intervals. The general 
trend of the results was much as in Experiment I but, as the crucial early counts 
were not carried out, detailed discussion is not necessary. 

The majority of the cells of H37RV are multinucleate at all stages of the life 
cycle. During the period between (and including) the eighth to the fourteenth 
hours after inoculation, there are in the culture a large number of elongated 
bacilli with many nuclei; and a few extreme forms occur. It is possible that the 
steady position of the nuclear count between the fifth and fourteenth days, at a 
level higher than found either just before or afterwards, is related to the arith- 
metic linear growth which occurs during this phase of the growth cycle 
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Aggregation of the bacilli: Several investigators (3, 24) have noted that, in 
very young cultures of mammalian tubercle bacilli in the Tween-albumin medi- 
um, the microorganisms are somewhat more aggregated than in older cultures. 
In the experiments reported here the degree of aggregation was determined by 
the examination of suitably diluted drops of culture suspensions, which were 
stained by the Ziehl-Neelsen method. The numbers of bacilli per bacterial clump 
were counted and recorded as 1, 2, 3, 4, 5, approximately 7, 10, 20, 30, 40, 50. 
One or two hundred bacterial units were examined for each preparation. The 
results are shown in tables 1-3 as an average number of bacilli per clump, the 
clumping factor. In Experiment ITI, in which the starter cultures were centrifuged 


average no. bacilll per clump 
*----e percentage clumps with>8 


3 4 


Fic. 7. The changes in the average number of bacilli per bacterial unit (the clumping 
factor) and the percentages of units containing few (1, 2, or 3) bacilli and those containing 
many (more than 8) bacilli, at various intervals after inoculation of the culture flasks in 
Experiment I (upper figure) and Experiment II (lower figure). Ordinates: 2, 4, 6, et cetera = 
average numbers of bacilli per bacterial unit; 50, 100 = percentages of dispersed and 
clumped bacilli 


to remove the larger clumps, there was a relatively slight increase in the degree 
of aggregation during the three days of the experiment. More useful for the 
determination of the changes in aggregation with the age of the culture are the 
results obtained in Experiments I and II. These are shown graphically in figure 
7. In Experiment I the clumping factor and the percentage of clumps containing 
10 or more bacilli were maximal between the second and the sixth days. After 
the end of the first week there was a steady rise in the proportion of isolated 
bacilli and those in small groups (three or less) and a steady fall in the clumping 
factor. In Experiment IT the initial suspension contained a relatively large num- 
ber of fairly large clumps of bacilli, so that the clumping factor was initially 
quite high. It fell continuously throughout the experiment. Between the second 
and the sixth days the clumping factor and proportion of larger clumps were 
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relatively static, but after the end of the first week the number of small clumps 
and isolated bacilli increased greatly. The high initial values recorded in Experi- 
ment IT were due to failure to remove the larger clumps from the inoculum by 
light centrifugation. These larger clumps probably developed to this degree in 
the “starter” cultures but not in the growth experiments because in the latter 
the flasks were shaken daily, whereas “‘starter” cultures were not agitated until 
preparation of the inoculum. If allowance is made for this complicating factor, 
the present results are in confirmation of the suggestions of other writers. Four- 
teen- and twenty-one-day-old cultures appeared to be much better dispersed 
than cultures less than a week old. 

Degree of acid-fastness: Negré (23) has published a number of papers concerned 
with the nonacid-fast bacilli observed in young cultures of virulent tubercle 
bacilli and the relative avirulence of these cultures. His studies were made with 
bacilli grown on Sauton’s medium, and he found the diminished virulence and 
lack of acid-fastness most pronounced in cultures three to four days old. Bloch 
(3) pointed out that, with Tween-albumin cultures, much the same features were 
observed with one-day-old cultures as Negré described with 4-day-old Sauton 
cultures. 

In the present experiments the numbers of bacterial units which contained at 
least one nonacid-fast bacillus were noted during the determinations of the degree 
of clumping. The results were extremely variable, both from one specimen to 
another, withdrawn a few hours later, and between the different experiments. 
This is apparent from the relevant columns of tables 1, 2, and 3. The percentage 
of nonacid-fast tubercle bacilli in the smears was always a good deal less than 
the figures shown in the tables might suggest, for often there was only one non- 
acid-fast bacillus in a clump containing 10 or more acid-fast bacilli. The present 
results with H37Rv would not permit any generalizations upon possible relation- 
ships between acid-fastness and age of the culture under the conditions of the 
experiments. 


Virulence for Mice 


Bloch’s (3) observation that 3-day-old Tween-albumin cultures of tubercle 
bacilli are more virulent for mice than 3-week-old cultures has been confirmed 
(24). An attempt was made to determine at what stage of the growth cycle the 
observed changes in virulence occurred and to see whether they bore any relation 
to the stage of the growth cycle or any other factor. In Experiment I, mice were 
inoculated with 5 X< 10° bacterial units of washed bacilli, and with a tenfold 
dilution of this. None of the mice which received the smaller inoculum died in the 
first 100 days, and they will not be considered further. Although this inoculum 
was of the same order as that employed by Bloch (2 X 10° with young cultures; 
12 X 10° with old cultures), the mice did not succumb as uniformly and rapidly 
as did those of Bloch. The usual responses resembled those shown by CF1 mice 
inoculated with smaller doses of H37Rv (25), or Tumblebrook mice inoculated 
with the Ravenel strain (26). Plots on probability paper did not show a linear 
relationship, and the time for 50 per cent mortality could not be used to express 
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the relative virulence of the various cultures inoculated. Instead, the practice 
of Stewart and Tamargo-Sanchez (24) was followed and the average survival time 
of the first 25 per cent, the first 50 per cent, and the first 75 percent of mice to die 
was recorded (table 1). In spite of the survival of a considerable number of 
mice throughout the experiment, the results show an unmistakable trend in 
the virulence of the cultures. Within six hours of the initiation of the new 
culture, the virulence of the bacilli had dropped appreciably, and this decline 
in virulence continued until the minimum virulence was shown by the 24- 
hour-old culture. At forty-eight hours, however, when the growth had entered 
the exponential phase, the virulence increased sharply and reached a maximum 
figure on the third day. Thereafter it diminished slowly and steadily to reach a 
relatively low figure at twenty-one days. 

In Experiment I], in an attempt to kill within a reasonable period all mice 
inoculated with the more virulent cultures, the dose was increased approximately 
tenfold, and the bacilli were not washed but were inoculated in the medium 
(appropriately concentrated or diluted) in which they had been grown. The 
desired result was achieved, but in the process the diminished virulence of the 
one-day-old culture was obscured. Thereafter, however, the trend was the same 
as in Experiment I. The 2- and 3-day-old cultures showed maximum virulence, 
which then diminished progressively until it had fallen to a relatively low level 
by the seventh day and a very low level by the twenty-first day. 

Considering the results of both experiments together, there appears to be a 
fairly close correlation between the stage of the growth cycle and the virulence 
of the bacilli. During the first twenty-four hours, which in these experiments, it 
will be remembered, was almost completely occupied by the lag and acceleration 
phases, the virulence was low. Then, with the onset of the exponential phase, 
virulence rose rapidly to a high level and declined steadily when growth passed 
through the exponential phase into the phase of retardation. It is possible that 
the pronounced changes in virulence to which Bloch directed attention are due, 
not to variations in the content of “‘cord factor,’”’ but to the stage of the growth 
phase of the inoculated bacilli; or, on the other hand, the production of ‘cord 
factor’ may well vary at different phases of the growth cycle. 

None of these mice exhibited at death the pathologic picture of acute septi- 
cemia described by Bloch. However, all of those which died within the first thirty 
days had focal lesions in the myocardium, sometimes very numerous. This differ- 
ence is probably related either to the resistance of the strain of mice used or, 
perhaps, to the virulence of the substrain of H37Rv employed in our experiments. 


The Neutral Red Test 
The neutral red test (4) was performed on the deposit obtained by centrifuga- 
tion of an aliquot of the culture at various stages of each of the experiments just 
described. As far as could be determined, with the very small amounts of bacilli 
present in the early stages of growth of most of these experiments, the result 
was positive throughout, the bacilli taking on a reddish coloration. However, in 
view of the report by Viallier and Tigaud (27) that the young bacilli of virulent 
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strains growing at the periphery of colonies in Youmans’ medium remain yellow, 
compared with the older red bacilli, at the center of the colonies, the problem was 
reinvestigated. A liquid culture medium containing no Tween 80 was inoculated 
with a large amount of a 7-day-old Tween-albumin culture. The sediment ob- 
tained by centrifugation was examined at frequent intervals. The color of the 
deposit was compared with the colors of the Hendon Johnson & Sons Universal 
Indicator Papers. In table 7 the number indicates the pH color value with which 
the deposit could be most accurately matched. It is apparent that, although the 
bacilli never failed to take up the dye, the intensity of the red coloration was 
distinctly lower than usual from the eighteenth to the forty-eighth hours 


The observations presented above are considered under “Discussion” in the 
paper which immediately follows the present one. 


TABLE 7 
Tue Neutra. Rep Test 


Numbers Indicate the Best Match with the Colors on the Universal Indicator 
Papers (1 = color at pH 1 et cetera) 


AGE OF CULTURE (BOURS) 


Color value 


SUMMARY 


The growth of M. tuberculosis (H37Rv) in Tween-albumin liquid medium was 
studied by a variety of techniques, with frequent sampling during the first 
forty-eight hours after seeding and observations at longer intervals thereafter 
for a total period of one month. 

When | ml. of a 7-day-old culture was inoculated into 99 ml. of culture medium, 
the first change observed was an increase in the average number of nuclei’ per 
bacillus. This was evident two hours after inoculation, and by the fourth hour 
the bacilli commenced to increase in length. During the next twenty-four hours 
they became considerably elongated, and the majority of organisms appeared 
to have five or more nuclei. During the second day the length and nuclear number 
fell again. Between the fifth and the fourteenth days the bacilli became somewhat 
longer again; and the average size and number of nuclei per bacillus fell to low 
levels on the twenty-first day. 

The optical density of the suspensions began to rise between six and twenty- 
four hours after inoculation of the flask, the interval being shorter with the larger 
inocula and slightly shorter with the 3-day-old inoculum than with the 21-day- 
old inoculum. The bacterial count increased shortly afterwards. After a short 


* The dark-staining areas seen when tubercle bacilli which have been subjected to the 
correct degree of acid hydrolysis are stained by Giemsa are regarded as bacterial nuclei 


(see text 
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period of acceleration, the increase in both properties became exponential, and 
the generation time of H37Rv during this period was approximately eighteen 
hours. The exponential phase was followed by the retardation phase, during which 
arithmetic linear growth occurred. From approximately the fourteenth day the 
cell population and optical density remained stationary. During the first few 
days the degree of aggregation increased somewhat and then remained constant 
for approximately a week. Thereafter the bacilli became more completely dis- 
persed. 

The ratio of the viable count to the total count fluctuated somewhat but it was 
never far from 100 per cent. 

The neutral red test gave a strongly positive reaction throughout except for 
the period from the eighteenth to the forty-eighth hours, when the color reaction 
was orange rather than red. 

The virulence for mice, tested by intravenous inoculation, fell to a relatively 
low value during the first twenty-four hours, rose to a high level on the third and 
fourth days, and then gradually fell to a low level at the end of the third week. 

The proportion of nonacid-fast bacilli fluctuated considerably, without any 
discernible relationship to the age of the culture. 


SUMARIO 


El Desarrollo de los Bacilos Tuberculosos de Mamtfero en Medio Liquido de Tween-Albiimina: 
I. Observaciones sobre la Proporcién de Microbios Viables, la Citologia y la Virulencia 
de los Bacilos en Diversos Periodos de Desarrollo de la Cepa H87Rr 


EF] desarrollo de H37Rv en el medio Iiquido de Tween-albdmina fué estudiado por medio 
de la obtencién de muestras frecuentemente durante las primeras cuarenta y ocho horas y a 
plazos mds largos durante un mes. 

Al inocular 1 ml. de un cultivo de siete dias en 99 ml. de medio de cultivo, la primera 
modificacién observada consistié en un aumento del promedio de nicleos por bacilo. Esto 
ya era evidente a las dos horas de la inoculacién y para la cuarta hora los bacilos comenzaron 
a aumentar de largo. Durante las préximas veinticuatro horas se alargaron considerable- 
mente y parecia que la mayorifa de los gérmenes tenian cinco o mds nicleos. Durante el 
segundo dia el largo y el ndmero de ndcleos descendieron. Entre el quinto y el décimocuarto 
dias los bacilos se alargaron de nuevo algo y luego el tamajio y el ndmero de nucleos por 
bacilo bajaron de nuevo, por término medio, al vigésimoprimer dia 

La densidad 6ptica de las suspensiones comenzé a elevarse entre seis y veinticuatro horas 
después de la inoculacién del balén, volviéndose el plazo mds breve con los inéculos més 
grandes y un poco més corto con el inédculo de tres dias que con el! de veintitn 
dias. La numeracién bacteriana aumenté poco después. Tras un breve periodo de acelera 
cién, el aumento de ambas propiedades se volvié exponencial, siendo de unas dieciocho horas 
el tiempo de generacién de H37Rv durante ese periodo. La fase exponencial fué seguida de 
la fase de retardo, durante la cual el desarrollo tomé forma aritmética lineal. A partir mds 
o menos de! décimocuarto dia la poblacién celular y la densidad éptica permanecieron esta- 
cionarias. Durante los primeros dias aumenté algo la intensidad de la agregacién, para 
permanecer después constante aproximadamente durante una semana. A partir de entonces, 
los bacilos se dispersaron mds completamente. 

La proporcién de la numeracién viable a la numeracidén total fluctué algo, pero jamds se 
aparté mucho de 100 por ciento. 

La prueba del rojo neutro arrojé una reaccién fuertemente positiva durante todo el 
tiempo, excepto por el perfodo comprendido desde la décimaoctava a la cuadrfgesimaoctava 
horas, en que la reaccién crémica fué anaranjada mds bien que roja 
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La virulencia para los ratones, determinada por medio de la inoculacién endovenosa, 
descendié a una cifra relativamente baja durante las primeras veinticuatro horas, se elevé 
mucho al tercer y cuarto dias y luego descendié gradualmente a una cifra baja al final de la 
tercera semana. 

La proporcién de bacilos no dcidorresistentes fluctué considerablemente, sin ninguna 
relacién discernible con la edad del cultivo 


RESUME 


La croissance des bacilles tuberculeur de mammiferes dans un milieu liquide Tween-albumine: 
1. Observations sur la proportion d’organismes viables, la cytologie et la virulence 
des bacilles 4 différents stades de la croissance dans la souche H87Rt 


La croissance de H37Rv dans le milieu liquide Tween-albumine, fut étudié sur 
des échantillons prélevés fréquemment au cours des premié¢res quarante-huit heures et par 
des prélévements a intervalles plus longs pendant un mois 

Quand 1 ml. d’une culture 4gé de sept jours était repiqué dans 99 ml. du milieu de culture, 
le premier changement observé était une augmentation du nombre moyen des noyaux par 
bacille. Ceci était manifeste deux heures aprés l’ensemencement et, vers la quatriéme heure, 
les bacilles commengaient A augmenter de longueur. Au cours des vingt-quatre heures 
suivantes, ils s'allongeaient considérablement et la plupart des organismes semblaient avoir 
quatre noyaux ou plus. Au cours de la deuxiéme journée, la longueur du bacille et le nombre 
des noyaux diminuaient. Entre le cinquiéme et le quatorziéme jours, les bacilles 
s’allongaient de nouveau dans une certaine mesure; puis, au vingt-et-uniéme jour, Ia taille 
moyenne et le nombre des noyaux par bacille retournaient A un niveau bas. 

La densité optique des suspensions commengait A s’accroltre entre la sixiéme et la vingt 
quatriéme heure succédant a |’ensemencement du ballon, l’intervalle devenant plus court 
quand l’inoculum était plus gros; cet intervalle devenait également plus court 
avec l’inoculum de trois jours qu’avec celui 4gé de vingt-et-un jours. Le nombre des bac- 
téries augmentait bientét aprés. Succédant a une courte période d’accélération l’augmenta- 
tion de ces deux propriétés devenait exponentieile, et le temps de reproduction pour la 
souche H37Rv pendant cette période était approximativement de dix-huit heures. La phase 
exponentielle était suivie par une phase de retardement pendant laquelle un accroissement 
linéaire arithmétique se produisait. A partir du quatorziéme jour, la population cellulaire 
et la densité optique demeuraient stationnaires. Au cours des quelques premiers jours, le 
degré de l’agrégation était en progression légére; il demeurait ensuite constant pendant 
environ une semaine. A partir de ce moment, la dispersion des bacilles devenait 
plus compléte 

La proportion du nombre viable par rapport au nombre total fluctuait un peu, mais elle 
n’était jamais loin d’atteindre 100 pour cent. 

Le test du rouge-neutre donnait une réaction fortement positive pendant toute la durée 
de V’expérience, sauf pendant la période comprise entre la dix-huitiéme et la quarante 
huitiéme heure, od la coloration était plutét orange que rouge. 

Chez les souris, soumises au test de |’inoculation intraveineuse, la virulence tombait a 
un niveau relativement bas au cours des premiéres vingt quatre heures, elle atteignait un 
niveau élevé le troisiéme et le quatriéme jours et tombait graduellement a un niveau bas a 
la fin de la troisiéme semaine 

La proportion des bacilles non-acido-résistants fluctuait, sans qu’on puisse discerner un 
rapport quelconque avec l’Age de la culture 
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INTRODUCTION 

The previous paper (28) recorded the growth curves of virulent human-type 
tubercle bacilli (strain H37Rv) in Tween-albumin liquid medium and included 
observations on the cytology and virulence of the bacilli at different stages of 
growth. 

BCG, like other mammalian tubercle bacilli, grows well in the Tween-albumin 
medium (29). Strains cultured and grown in this way retained the same degree 
of attenuation as they possessed before such passage (30). Furthermore, cultures 


grown in such media were shown to retain their viability and antigenicity when 
stored as liquid cultures in the refrigerator (31) and at room temperature (32), 
and they underwent freeze-drying with a relatively slight change in the propor- 


tion of viable cells (32). 

It was pointed out elsewhere (33) that before growth of BCG in the Tween-al- 
bumin medium could be accepted as a satisfactory method of preparing the 
vaccine, a number of points required investigation. These included a study of 
the effect of the age of the culture on the virulence and antigenicity of the bacilli, 
in view of Bloch’s demonstration (3) of the effect of age on the virulence of 
H37Rv. 

The present work was undertaken to provide this information and also to 
broaden the basis of studies on the mode of growth of tubercle bacilli in liquid 


media. 
MATERIALS AND METHODS 


Most of the materials and methods employed have been described (28). In ad- 
dition the following materials and methods were used: 


Bacterial strain (BCG): A culture originated from a single colony of BCG with typical 
morphology (34) on oleic-acid~albumin-agar was used. It was kindly supplied by Dr. E. A 
North and was derived from the substrain of BCG used for vaccine production in Australia, 
which in turn originated from culture F46 of the State Serum Institute, Copenhagen 

Culture media: The liquid medium was Tween-albumin medium, containing 0.05 per 
cent of Tween 80 and 0.5 per cent of bovine albumin fraction V. In most experiments 
glucose was omitted from the medium, but in some, which have been indicated, glucose 
was added to a final concentration of 0.5 per cent 

Guinea pigs: Stock bred in the Walter and Eliza Hall Institute was used, the animals 
being multicolored and weighing approximately 500 gm 

‘From the Department of Microbiology, John Curtin School of Medical Research, The 
Australian National University, Canberra, Australia 
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Vitrogen determinations: The bacterial cells were deposited from the culture by cen 
trifugation, washed two or three times in distilled water (doubly distilled in glass ap 
paratus) or with an aqueous 0.02 per cent solution of Tween 80. The deposit was then 
suspended in 0.75 ml. of 0.02 per cent Tween 80 solution and transferred to the digestion 
flask. A mixture of 1 gm. of CuSO,-5H,O and 1 gm. of SeO, per 100 ml. of concentrated 
sulfuric acid was used for digestion A Markham Kjeldahl distillation apparatus was use d, 
the boric acid titration method (35) being followed. Estimations were performed in tripli 
cate, and appropriate blank titrations were made with diluent and uninoculated culture 
medium 

Virulence and antigenicity for mice: Twenty-five mice were inoculated intravenously 
with 0.1 ml. of a suspension containing approximately 9 X 10’ bacterial units per ml 
Approximately five weeks later 4 mice of each batch of 25 were sacrificed and the size and 
number of foci on the posterior surface of the lungs and the size of the spleen were de 
termined. The left lungs were removed and sectioned to provide an objective measure of 
the extent of consolidation in the lungs. On the following day, 20 of the remaining 21 mice 
were inoculated, along with 20 normal controls, with 0.1 ml. of a suspension of a 4-day-old 
culture of H37Rv which contained 60 to 70 X 10° bacterial units per ml., counted in the 
Petroff-Hausser chamber and checked by viable counts. The mice were inoculated in six 
batches, the inoculum being of « omparable density and the same age in ¢ ach instance 

Virulence for guinea pigs: Following Jensen (36) and Suter and Dubos (37), an attempt 
was made to compare the virulence of cultures of varying age by the inoculation intra 
cutaneously into guinea pigs of a series of tenfold dilutions of the cultures, each standard 
ized to contain the same number of bacterial units in the initial tube. The size of the nodule 
produced and its progress from inoculation to healing were followed by weekly examina 


tions 


EXPERIMENTAL PROCEDURI 


Preliminary experiments indicated that, if accurate total counts and turbidity 
measurements were to be made during the early days of the culture period, it 
would be necessary to use heavy inocula. Two series of flasks were therefore 
inoculated with different dilutions of a 21-day-old culture of BCG grown in 
Tween-albumin medium which did not contain glucose. The culture was spun 
for three minutes at 1,000 r.p.m. in the angle centrifuge to deposit large clumps 
and was then found to contain no clumps of more than five bacilli each. The 
original culture (after spinning) contained about 2 X 10° bacterial units per 
ml. Thirty flasks, each containing 29 ml. of medium, were inoculated with 1.0 
ml. of this suspension (Experiment 1); and another thirty (Erperiment IT), with 
1.0 ml. of a tenfold dilution of this in the filtrate through filter paper of another 
batch of the same original culture. The concentration of bacilli in the newly 
inoculated flasks is shown in table 1. Each flask was brought to 37°C. before 
inoculation, capped with Cellophane after inoculation, placed in an air incubator 


operating at 37°C., and agitated gently once daily. At intervals distilled water 
was added to each flask to maintain the volume at 30 ml. 
At various intervals one flask was removed from one or both series and various 


tests performed. Total and viable counts and turbidity measurements were 
made immediately, and mice and guinea pigs were inoculated on the day that 
the flasks were removed. Films made then were stained in batches and the cell 
dispersion and staining properties determined. Material for microscopic examina 
tion was washed in alcohol, deposited in the centrifuge, resuspended in petro! 
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ether, and stored in the refrigerator until opportunity offered to make and exam- 
ine the films stained by Robinow’s method. Aliquots of the cultures were stored 
in the refrigerator and all nitrogen determinations were carried out simultane- 
ously, as were the neutral red tests. 

The viable counts obtained during these two experiments were rather inconsist- 
ent, and frequently some of the drops deposited on the culture medium produced 
typically large colonies while others on the same plate failed to grow or produced 
minute colonies only. In order to check the ratio of viable bacilli to the total 
count, another experiment similar to Experiment IT, but with a larger inoculum, 
was carried out (Experiment II1). After centrifugation to remove larger clumps, 
1 ml. of a 21-day-old culture of BCG, grown in Tween-albumin medium without 
glucose, was inoculated into 29 ml. of the same medium in a 250 ml. Erlenmeyer 
flask and incubated at 37°C. The concentration of the inoculum was adjusted 
so that the flasks contained initially approximately 7 X 10° bacterial units per 


TABLE 1 
Tae Torat Counts (Bacrertat Units per Mu.) AND ABSORPTIOMETER READINGS OF THE 
FresaLy INOCULATED FLASKS 


EXPERIMENT TOTAL COUNT ABSORPTIOMETER 
: VOLUME OF INOCULUM (BACTERIAL UNITS READING 


NUMBER 
VOLUME OF MEDIUM IN FLASKS PER ML. X 10*) X 1,000 


1/29 93 14 
1/29 12 0 until third day 
1/29 70 12 
5/25 70 36 
5/25 SO 42 
5/25 176 30 


5/25 185 27 


ml. At daily intervals for the first week, and then at nine, eleven, fourteen, twenty- 
one, and twenty-eight days, determinations were made of the total and viable 
counts, the opacity, and the degree of clumping. 

To enable more accurate estimations to be made of the growth constants, with 
inocula of different ages and with slightly different media, another series of 
experiments was carried out with large inocula of bacilli which had been grown 
for either three or twenty-one days in liquid medium which contained no glucose. 
In one series of experiments the culture medium which was inoculated contained 
0.5 per cent of glucose (IV A and V A), and in the other (IV B and V B) there 
was none. In each of these experiments, 250 ml. Erlenmeyer flasks containing 
25 ml. of the appropriate medium were inoculated with 5 ml. of culture. The 
inoculum had been freed of large clumps by preliminary centrifugation and was 
so diluted or concentrated that it contained approximately 10° bacterial units 
per ml. Samples of approximately 8 ml. were taken from the flasks four, eight, 
twelve, sixteen, twenty, twenty-four, forty, forty-eight, and seventy-two hours 
after inoculation, and after seven, fourteen, and twenty-one days. The initial 


days 
I 21 
Il 21 
Ill 21 
IVA 3 
IV B 3 
VA 21 
VB 21 eee 
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counts of the inoculated flasks are shown in table 1. The optical density, total 
count, and state of dispersion of the bacilli were determined with each sample. 


RESULTS 
The results are condensed in tables 2 to 6 so that different investigations can 
be more easily compared. 


Bacterial Growth Phases 


The data which bear upon the bacterial growth phases were converted to log, 
values and are shown graphically in figures 1, 2, 3, 4, and 5. In these experiments 
the state of aggregation of the bacilli (clumping factor) varied to a greater extent 
than in the experiments with H37Rv. It was found that the curve for total bacilli, 
obtained by multiplying the total counts (bacterial units) by the clumping factor, 
was more regular than the curve for total counts, and it also was therefore used 
in the determination of certain of the growth constants. 

Straight lines were fitted by the method of least squares to all data in the 
interval during which the rate of increase appeared to be exponential from in- 
spection of the graphs. The following growth constants (10) were determined 
from the regression equations (RF and G) on the graphs 7; and L). 


loger, — logez, 


Exponential growth rate (R) 


] 
Generation time (G) = R hours 


log.r, — logex, 


Lag time = 
R 


Growth lag (L) = 7;. R. 


Zo, Xr, Xi, Xz are the optical densities (or counts) at times (in hours) oa, r, &;, 
and t. 

Exponential growth rate and generation time: The exponential growth rate and 
its reciprocal, the generation time, varied considerably in the different experi- 
ments. If the generation times determined when the bacterial density was 
measured are first considered, i.e., the optical density of the culture, the values 
varied from fourteen hours (Experiment I1) to thirty-six hours (Experiment 
V A). These two extreme values, however, occurred in experiments in which the 
data were not really adequate for an accurate determination of the period of 
exponential growth. In the majority of experiments, the generation time was 
approximately twenty hours. It is apparent from inspection of figures 1 and 3 
that the duration of exponential growth differed considerably in Experiments | 
and J/I, which were carried out at different times but with identical inocula. 
The yield at fourteen days was approximately the same in the two experiments, 
but a high yield was attained much more rapidly in Experiment I than in Experi- 
ment IIT. It is difficult to suggest an explanation of these discrepancies. 
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Owing to the dilute nature of the inoculum in Experiment IT, absorptiometer 
readings were not possible until the third day. If the values for the third, fourth, 
and fifth days were used, the generation time was quite short (fourteen hours), 
but it is possible that the lack of readings earlier than the third day made this 
an underestimation. 

Detailed data were available for Experiments IV and V for the first three days 
only. In all of these experiments it is possible that somewhat different values for 
the growth constants would have been obtained if figures had been available for 
the fourth and fifth days. This applies particularly in Experiment V A. The 
freshly inoculated flasks in Experiment IV contained approximately the same 
number of bacterial units as in Experiments I and I1/, but the optical density 


TABLE 4 


Tae Resvuvts or Experiment III. Fuasks Containine 29 Mu. or Mepium 
Were INocuLaTep 1 ML. or a Twenty-One-Day-O_p CULTURE 
CONTAINING APPROXIMATELY 2 X 10* Bacrertat Units Mu 


TOTAL COUNT VIABLE COUNT TOTAL 
BACILLI 


(BACTERIAL UNITS BACTERIAL UNITS 
PER ML. X 10° PER ML. X 10) RATIO cLUMP 7 - 
VIABLE COUNT ING 


FACTOR READING 

TOTAL COUNT COUNT X BACILI X 1,000 


Stand Stand 
Mean odard Mean dard CLUMPING 
Error Error PACTOR 


ACID 
(TOTAL FAST 


124 
202 
239 
309 
868 
1,670 
1,680 
3,820 
7,590 
6,010 
6,730 
19 ,400 
17,700 


0.204 
6.835 
5.855 
19.41 
13.54 
48 . 386 


569 
a 


43.50 


1,530 
6,690 309.4 
8,050 275.! 316.7 


tw & 


was considerably higher, due to the large size of the young bacterial cells. The 
generation times in both portions of Experiment IV (with and without glucose 
in the medium) were a little more than twenty hours. With the 21-day-old 
inoculum the generation time was somewhat longer, especially in Experiment 
V A (21-day-old inoculum, medium lacking glucose), in which it was thirty-six 
hours; but it is doubtful if the data available in this experiment were adequate 
for the determination of the generation time 

In the first five experiments it was possible to estimate the generation time by 
consideration of the numbers of bacterial units and the total number of bacilli. 
The results obtained agreed reasonably well with determinations based upon the 
opacity, considering the errors involved in both the total counts and the estima- 
tion of a clumping factor. In Experiment 1V the generation time estimated in 


cUL 
TURE 
days per cent 
0 73 5.302 49 2.595 67 1.7 5 12 
l g2 8.065 34 l 37 2 ll 26 
2 77 7.04 93 121 1 3 32 
3 119 11.64 62 52 6 7 67 
4 167 6.73 138 83 2 0 156 
5 389 14.6 313 Sl 3 0 253 
6 198 12.76 318 161 5 0 355 
7 831 12.74 656 79 6 0 480 
9 1,040 34.36 3 0 610 
970 44.98 101 0 796 
14 i.4 0 950 
28 55 | 2 0 
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terms of total bacilli was not very much different from the generation time de- 
termined from the absorptiometer measurements. In Experiment V it is apparent 
from inspection of the graphs that there was no increase in the total counts and 
only a very slight increase in the figures for total bacilli during the first three 
days. Estimation of the generation time was not justified in these instances. 


TABLE 5 


Tue Resvuits or Experiment IV. Frasxs Containtnec 25 Mui. or Mepium WERE 
INOCULATED wiTtH 5 ML. or a Turee-Day-O_p Cuttrure ConrTAINING 
APPROXIMATELY 4 X 10’ BacrertaL UNits per Mi 


TOTAL COUNT VIABLE COUNT TOTAL 
BACTERIAL UNITS (BACTERIAL UNITS BACILLI opr 
oe 10° PER ML 
) R ML. X 
aan on PER ML. X 1 PE xX 108 DENSITY 
CULTURE TOTAL SCALS 
READING 


Standard Standard CcouNT X 1,000 


CLUMPING 
Erro 
Error 


EXPERIMENT 


Mean 


0 hours 5.59 79, 10.88: 203 
.22 264 
SS 2. 375 
2.4 290 
IVA 

medium does f : 3.5 539 
not contain : 9.16 ‘ 428 

glucose 
, 060 
2,040 
2,438 
9,900 
,000 


132! 162.0 
6,820) 296.0 


hours 48) 1.033 


9 
9 
9 
9 
1 


210 
er 


370 
339 


to t to 


IV B 
medium con- : ; 16.81 : 560 
tains glucose | ; 372 | 14.78 2. 933 


16.24 ,020 
13.45 : 2,200 
F 35.8 5,110 
6,900 203.1 5,780 280.0 : 26 , 220 
8,560 158.6 8,700,515.0 ‘ 29,100 


The lag phase: The duration of the lag phase varied considerably, depending 
upon whether it was determined from estimations of the bacterial density or 
counts of the bacilli. There is little point in discussing the figures obtained from 
consideration of counts of the bacterial units, for these were complicated by the 
degree of clumping at different stages of growth. 

In Experiments I and IIT the lag phase, in terms of optical density, was much 


per cent 
5 36 
2 44 
8 49 
31 60 
65 
28 74 
5 94 
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0 177 
2 313 
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shorter than when total bacilli were considered. This result is in agreement with 
numerous observations upon other bacteria, namely, that increase in size pre- 
cedes increase in numbers by an appreciable interval. 

In Experiment IV, in which a 3-day-old inoculum was used, there was no lag 
either in growth of the bacilli or in their multiplication. This accords with the 
observations on other bacteria transferred to new media during the exponential 


TABLE 6 
Tue Resvuits or Experiment V. Firasks ContatninG 25 ML. oF 
Were Inocutatep with 5 ML. or a Twenty-One-Day-O_p CULTURE 
CONTAINING APPROXIMATELY 10° INFECTIVE PARTICLES PER Mu 


Mepium 


TOTAL 

DENSITY 

x 10° 

roTal 


TOTAL COUNT VIABLE COUNT 
BACTERIAL UNITS BACTERIAL UNITS 
PER ML. X 16 PER ML. X 10 CLUMP 
ING 
FACTOR 


Standard Standard 


Mean — CLUMPING 


FACTOR 


0 hours 176 
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“I # to to 
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164 
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104 
2,270 


13,125 
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In Experiment V (21-day-old inoculum), on the other hand, 


phase of growth (38 
there was no appreciable change in the number of bacterial units, and only a 


slight change in the total numbers of bacilli during the first three days, although 
there was an appreciable increase in the bacterial density. 

The phase of retardation: The occurrence of arithmetic linear growth of tubercle 
bacilli was first pointed out by Fisher, Kirchheimer, and Hess (13). Kirchheimer 
and Fisher (14) have stated that it occurs among all types of M ycobacteria grown 
in liquid media with Tween 80. Arithmetic plotting of growth in Experiments J, 


Mean 
per cent 
8.13 76 7.52 2.5 440 0 30 
6.72 2.9 556 0 34 
9.46 2.3 455 0 35 
4.48 2.1 398 0 37 
10.15 ‘ 383 0 41 
9.64 413 0 15 
9.98 200 9.0 439 0 47 
9.05 109 4.9] 552 0 74 
13.2 165 11.86 972 5 133 
22.9 505 74.3 3,420 0 525 
14 OM 593.0 20 , 890 0 1,530 
12.62 107 14.11 2.5 462 0 27 
8.91 1.8 295 2 32 
10.47 1.6 309 0 34 
9.84 2.3 361 0 
9.85 1.9 350 0 37 
7.18 2.0 376 } 35 
7.98 2.0 378 3 45 
9.71 114 5.98 3.1 654 0 93 
11.99 207 16.67 1.9 R52 3 167 
79.2 2.8 6,360 2 940 
14 Me 701.6 2.3 30,200 0 2,980 
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II, and JI] indicated that, as with H37Rv, there was a phase of arithmetic 
linear growth corresponding approximately to the retardation phase. As pointed 
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o---e total bacterial units 
optical density 


» bacterial nitrogen 


12 6 2a 28 
cays 

Fic. 1. Growth curves in Erxpe riment I. Ordinates: logs values for optical density, the 
total count of bacterial units per ml., the total bacilli per ml., and the bacterial nitrogen 
concentration of cultures incubated for periods varying from twelve hours to twenty-eight 
days. Values for optical density adjusted so that the initial value coincides with that of 
the total count (bacterial units). Total bacilli per ml. equal total bacterial units per ml 
(counted in Petroff-Hausser chamber) X clumping factor (average number of bacilli per 
bacterial unit 


@--© total bacilli 

o---@ total bacterial units 
optical density 

bacterial nitrogen 


2 4 16 18 224 26 
days 


Fic. 2. Growth curves in Experiment II. Ordinates: log: values for optical density, total 
count of bacterial units per ml., the total bacilli per ml., and the bacterial nitrogen concen 
tration of cultures incubated for periods varying from twelve hours to twenty-eight days 
With the small inoculum, it was not possible to determine the opti al density or the bac 
terial nitrogen concentration until the third day of the experiment. Total bacilli per ml 
equal total bacterial units per ml. (counted in Petroff-Hausser chamber) * clumping factor 
(average number of bacilli per bacterial unit 


out above, exponential growth ceased in Experiment I at the end of the third 
day, and from the third to the eighth days growth (determined by opacity 
measurements) passed through an arithmetic linear phase before becoming 
stationary. In Experiment I], exponential growth continued until the end of 
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the fifth day, and the stage of arithmetic linear growth extended from the sixth 
to the eleventh days. 

The curves were not as smooth as those obtained with H37Rv, but there is 
little doubt that they reflect the same phenomenon. In figure 6 the optical den- 
sity, the total bacilli, and the nitrogen content in Experiment I] are all plotted 
arithmetically. From about the end of the fifth day, when exponential growth 
ceased, arithmetic linear growth commenced and extended from the sixth to the 


twelfth days. 

Yield after incubation for various periods: The yield of bacteria after various 
periods of incubation can be expressed either in terms of the bacterial mass (repre- 
sented by the optical density) or the number of bacteria (total count [bacterial 
units] or, better, total bacilli). The yields at seven, fourteen, and twenty-one 
days after inoculation in all of the experiments with BCG are shown in table 8. 


©-© total bacill 
o---0 total bacterial units 
-— optical density 


days 

Fia. 3. Growth curves in Experiment III. Ordinates: logs values for optical density, 
total count of bacterial units per ml., and the total bacilli per ml. of cultures incubated 
for periods varying from one to twenty-eight days. Values for optical density adjusted so 
that the initial value coincides with that of the total count (bacterial units). Total bacilli 
per ml. equal total bacterial units per ml. (counted in Petroff-Hausser chamber) X clump- 
ing factor (average number of bacilli per bacterial unit) 


As can be judged from the growth curves (figures 1, 2, and 3), the yield ap- 
proaches its maximum value by the end of the seventh day. The bacterial mass 
was doubled during the next seven days in some instances but showed smaller 
increases in others. The increase in the number of bacteria was greater, a reflec- 
tion of the decrease in their average size. The discrepancy between total bacilli 
and total bacterial units diminished, due to the greater dispersion of the older 
cultures. There was very little change between the fourteenth and twenty-first 
days. 

The yield at fourteen days was much the same in Experiments I, II, and ITI, 
although the inoculum was considerably smaller in Experiment I]. The yield in 
Experiments IV and V (in terms of optical density) was considerably greater 
than in Experiments I, II, and IJ, but the numbers of bacilli were approxi- 
mately the same in all of the experiments. 

Dubos and Fenner (29) found that the addition of glucose to the medium 
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enhanced the growth of BCG, and in Experiments 1V and V (tables 5 and 6) 
this effect is apparent. The yield at seven days, whether measured by the total 
bacterial units, the total bacilli, or the optical density, was considerably higher 
in the cultures containing glucose, and the disproportion was still evident in 
cultures fourteen and twenty-one days old. 


TABLE 7 
GrowTs Constants or BCG Grown 1n Tween-ALBUMIN MeEpIUM 


EXPONEN- GENERA- 
TIAL TION 

GROWTH TIME 

nate (R) (/R 


EXPERIMENT PROPERTY MEASURED INTERVALS 


hours 
0.060 16.7 
0.069 14.5 
0.064 15.6 


0.042 24 


Opacity 

Total bacilli 

Total bacterial units 
Bacterial nitrogen 


0.073 14 
0.051 20 
0.056 18 


Opacity 
Total bacilli 
Total bacterial units 


0.043 
0.041 
0.031 


Opacity 
Total bacilli 
Total bacterial units 


IV A (3-day-old 
inoculum; no 
glucose) 


IV B (3-day-old 
inoculum; with 


Opacity 
Total bacilli 
Total bacterial units 


Opacity 
Total bacilli 


0.049 
0.043 
0.046 


0.044 
0.040 


glucose) 
VA 0.028 
inoculum; no 
glucose) 


(21-day-old | Opacity 


V B (21-day-old 
inoculum; with 
glucose) 


Opacity 


* Data not adequate for an accurate estimate of the period during which exponential 
growth occurred 


Correlation with the nitrogen content: There was a reasonably close parallel 
between the optical density and the total nitrogen content in Experiment I 
after the first two days. During the first two days, however, the nitrogen content 
remained virtually unchanged while the optical density increased exponentially. 
The small inoculum used in Experiment IJ makes comparison during this early 
period impossible. 


TE GRowrTu 
mn) Lao 
howrs howrs 
I 30-72 6 0.36 
24-72 18 1.3 
26-72 28 1.7 
48-120 44 1.9 
II 72-120* 24 1.74 
24-144 27 1.43 
48-168 50 2.44 
III 48-120 23 13 0.58 
48-120 24 32 1.30 
48-120 32 47 1.48 
& 40 20 0 0.0 
8 48 23 0 0.0 
8-48 22 0 0.0 
8-72 25 0 0.0 
12-48 0.041 24 5 0.24 
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The relationship of the viable and total counts: Viable counts were made through- 
out Experiments I, II, and II]. There were many inconsistencies in replicate 
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o--total bacterial wits 

optical density 


Fic. 4. Growth curves in Experiments IV A (3-day-old inoculum) and V A (21-day-old 
inoculum). No glucose in culture medium. Ordinates: log: values of optical density, total 
count of bacterial units per ml., and the total bacilli per ml. of cultures incubated from 
two hours to seven days. Values for optical density adjusted so that initial values coincide 
with those of total count (bacterial units). Total bacilli per ml. equal total bacterial units 
per ml. (counted in Petroff-Hausser chamber) X clumping factor (average number of 


bacilli per bacterial unit 


bacilli 

total bacterial units 
*—~ optical density 


O 
© © 


72% 7 days 


Fic. 5. Growth curves in Experiments IV B (3-day-old inoculum) and V B (21-day-old 
inoculum); 0.5 per cent glucose in medium. Ordinates: log, values of optical density, total 
count of bacterial units per ml., and the total bacilli per ml. of cultures incubated from 
two hours to seven days. Values for optical density adjusted so that initial values coincide 
with those of total count (bacterial units). Total bacilli per ml. equal total bacterial units 
per ml. (counted in Petroff-Hausser chamber) X clumping factor (average number of bacilli 


per bacterial unit 


inoculated plates in the first two experiments. These did not occur in Experiment 
111. In all cases, however, the ratio of the viable and total counts varied between 
50 and 100 per cent. Considering the inaccuracies of this ratio (2), it appears 
that with BCG, as with H37Rv, the majority of the bacilli in the culture are 
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viable (as evidenced by their ability to grow on the culture medium) at all stages 
of growth. 

It was reported earlier (29) that the proportion of viable bacilli dropped con- 
siderably in the later stages of incubation (twenty-one and twenty-eight days) of 
cultures of BCG containing glucose. In Experiments 1V and V the attempt to 
confirm this was nullified by contamination of the culture flasks in the last 
week. Up to the twenty-first day in Experiment IV (3-day-old inoculum), there 


arithmetic linear growth 
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Fic. 6. Growth curves in Experiment I], plotted arithmetically. Ordinates: values on 
arithmetic scale for total bacilli per ml., optical density, and bacterial nitrogen. Total 
bacilli per ml. equal total bacterial units per ml. (counted in Petroff-Hausser chamber 


clumping factor (average number of bacilli per bacterial unit 


TABLE 8 


Tue Yievp at Various InTerRvALS AFTer INOCULATION, Expressep as Toralt 
BacTeRIAL Units per Mu.), Totrat BactLur, anp Optica, Density 


EXPERIMENT 


14 days 21 days 7 14 days | s 7 days 14 days 


00.5 60.2 j 240 660 970 
80.5 100 , 272 465 , 040 
15.3 66.9 , 67 796 950 
90.5 144 2: 199 980 2,430 
262 ‘ 200 2,630 
209 525 ,530 
302 940 2,080 


69 R56 


was no drop in the proportion of viable organisms. With the 21-day-old inoculum 
(Experiment V), there was a fall in the proportion of viable bacilli at fourteen 


days in the culture medium containing glucose, but no change at twenty-one 


days in the culture lacking glucose. 
Observations on the Bacterial Cytology 


The sizes of the bacilli were measured, their state of aggregation was deter- 
mined, nuclear counts were made in some of the experiments, and the occurrence 


of nonacid-fast bacilli was also noted. 
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Size of the bacilli: The average length measurements of bacilli at different stages 
of growth in Experiments I and I] are shown in the upper portions of figures 7 
and 8. The variation in the size of the bacilli was considerable and is better shown 
by the curves indicating the percentage of small bacilli (less than 2.3y long) 
and long bacilli (more than 3.54 long). In both instances there was, within a day 
of inoculation of the flask, an almost complete disappearance of small bacilli and 


“ 2 

Fig. 7. (Upper) The changes in average length of the bacilli and the percentages of 
amall (less than 2.34) and large (more than 3.54) bacilli at various intervals after inocula- 
tion of the culture flasks in Experiment J. Ordinates: 1, 2, 3, et cetera = average length of 
bacilli («); 20, 40, et cetera = percentage of short and long bacilli. 

(Lower) The changes in the average numbers of nuclei per bacillus and the percentages 
of bacilli with few (less than 3) or many (more than 4) nuclei at various intervals after 
inoculation of the culture flasks in Experiment I. Ordinates: 1, 2, 3, et cetera = average 
number of nuclei per bacillus; 20, 40, et cetera = percentages of bacilli with few and manv 
nuclei 


their replacement by rather long organisms. The peaks were sharper in Experi- 
ment I, in which the maximum values were reached at twenty-four hours, than 
in Experiment II, in which there was a sustained rather high level of the curves 
for the average length and long bacilli from the first to the fifth days, inclusive. 
This difference is related to the larger initial inoculum and the shorter period of 
exponential growth in Experiment I. Comparison of figures 1 and 7 and figures 
2 and 8 shows that there was a close correlation between the growth phases and 
the size and nuclear development of the bacilli. At the end of the first week, the 
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proportion of large and small bacilli changed considerably; and from the four- 
teenth day onwards the values were stable, the great majority of the bacilli 
being short (less than 2.34 long) and the average length being approximately 2y. 
The maximum average length was about twice this value. These observations 
agree reasonably well with the electronmicroscopic investigations of the growth 
of BCG described by Grasset and Bonifas (39). 

The nuclear apparatus: The average numbers of nuclei,’ and the proportion of 
bacilli with few (one or two) and many (more than four) nuclei in Experiments I 
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Fic. 8. (Upper) The changes in average length of the bacilli and the percentages of 
small (less than 2.34) and large (more than 3.5) bacilli at various intervals after inoculation 
of the culture flasks in Experiment IT. Ordinates as in figure 7 

(Lower) The changes in the average numbers of nuclei per bacillus, and the percentages 
of bacilli with few (less than 3) or many (more than 4) nuclei at various intervals after 
inoculation of the culture flasks in Experiment I]. Ordinates as in figure 7 


and J] are shown graphically in the lower portions of figures 7 and 8. It is ap- 
parent that there is a close agreement between the measurements of the length 
of the bacilli and the results of the nuclear counts. The early stages of growth and 
the exponential phase are characterized by the development of many long mul- 
tinucleate bacilli, whereas during the stationary phase the organisms are short, 
and there are few bacilli containing more than two nuclei. Uninucleate bacilli 
appear to be quite rare 

? The dark-staining areas seen when tubercle bacilli which have been subjected to the 
correct degree of acid hydrolysis are stained by Giemsa are regarded as bacterial nuclei 
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Aggregation of the bacilli: The state of aggregation of the bacilli was determined 
in each experiment, and the values of the average number of bacilli per bacterial 
unit, the clumping factor, are set out in the appropriate tables. The data on the 
state of aggregation in the first three experiments are shown in figure 9. 

The position was much the same in the three experiments. From an initial 
condition in which there were virtually no large clumps, due to the preliminary 


average no. bacilli per clump 
expt. | , percentage clumps with> 8 
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Fic. 9. The changes in the average numbers of bacilli per bacterial unit (the clumping 
factor) and the percentages of units containing few (one, two, or three) and those contain 
ing many (more than 8) bacilli at various intervals after inoculation of the culture flasks in 
Experiments I, IT, and 1117. Ordinates: 2, 4, 6, et cetera = average number of bacilli per bac 


terial unit; 50, 100 percentage of clumps containing few or many bacilli 


centrifugation, there was a gradual increase in the number of clumps containing 
larger numbers of bacilli and in the average number of bacilli per clump, so that 
these figures were relatively high (clumping factor between 8 and 10) between 
the fourth and the tenth days. By the fourteenth day the culture had become 
much more dispersed, and during the last fortnight large clumps virtually disap- 
peared. 

Degree of acid-fastness: Nonacid-fast bacilli were rarely encountered in these 
cultures and, when they did occur, they were usually found in young cultures 
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(less than five days old). The percentages of bacterial units in which there was 
at least one nonacid-fast bacillus are shown in the appropriate tables. 

The virulence of cultures of varying age: The virulence of BCG is rather difficult 
to assess. Two methods were used by Suter and Dubos (37) to compare three 
substrains of BCG, namely, the persistence of the nodules produced by the intra- 
dermal inoculation of comparable doses into guinea pigs; and the lesions pro 
duced in the lungs of mice after the intravenous inoculation of standard doses 
An attempt was made to assess the virulence of cultures of different ages by 
both of these methods. 

Guinea pigs were inoculated intracutaneously with 0.1 ml. doses of graded 
tenfold dilutions of cultures of different ages, the inoculum being standardized 
by total counts so that the most concentrated (except in 21- and 28-day-old 
specimens) contained approximately 5 X 10° bacterial units. The inocula were 
obtained from the cultures of Experiments I and 1. In table 9, the actual viable 
counts of the inocula, which do not differ greatly from 5 X 10°, are shown. At 
weekly intervals the diameter of the nodules which developed at the various 
inoculation sites was measured. The persistence in weeks of these nodules is 
shown in table 9 as is also the diameter of those produced by the most concen 
trated inocula when they had attained their maximum size, two weeks after the 
inoculation. There were considerable variations in the persistence of the nodules 
and in the appearance of nodules in response to the inoculation of the dilution 
containing approximately 500 bacterial units. In no instance were nodules 
observed at the sites inoculated with either of the two higher dilutions used, 
which contained approximately 50 and 5 bacterial units per ml., respectively. 
The only systematic variation was the smaller size of the nodules produced by 
the 21-day-old and 28-day-old cultures. Although no satisfactory viable counts 
for these cultures were obtained in Experiment I, the results obtained in L-xperi 
ment II indicate that this diminished reaction was not caused by a fall in the 
proportion of viable organisms. 

Mice were inoculated intravenously with 0.2 ml. of cultures of various ages, 
so concentrated or diluted that the inoculum contained approximately 2 K 10° 
bacterial units. Five weeks later, 4 mice in each batch were killed and their lungs 
were examined macroscopically and microscopically. The results are not easy to 


express quantitatively, but are summarized in tables 2 and 3. During the first 


ten days of each experiment, practically identical results were recorded in each 
group of mice. There were between 20 and 50 foci of consolidation, approximately 
1 to 2 mm. in diameter, on the posterior surface of each lung, and the spleen was 
slightly or moderately enlarged. With cultures more than ten days old the lesions 
became progressively less severe. Foci of consolidation in the lungs became less 
numerous and smaller, and the spleen was rarely enlarged. This change was 
particularly apparent in the cultures of Experiment IJ and was obviously not 
due to a decrease in the numbers of viable bacterial units, if viability was meas 
ured by the ability to grow on oleic-acid—albumin-agar medium 

The data from the experiments on both mice and guinea pigs are consistent, 
although the differences between cultures of different ages are small. Cultures 
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aged twenty-one or twenty-eight days appear to be less effective in producing 
persistent nodules in the skin of guinea pigs and in producing foci of pulmonary 
consolidation and enlargement of the spleen in mice. Young cultures in the expo- 
nential growth phase do not appear to have any enhanced virulence analogous 


TABLE 9 
Tue Persistence or THe Noputes Propucep sy THe INocULATION oF Various Doses 
or BCG Cuttures or Various AGEs, AND THE AveraGe DtameTrer at Two Weeks 
or THE Noputes Propucep sy Tae Most Concentrated INocuLUM 
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* Figures indicate the interval (in weeks) between inoculation and the healing and dis- 
appearance of the nodule produced at the site of inoculation. 

tu = ulceration of nodule. 

t Figures in parentheses indicate diameter of nodules produced by the inoculation of a 
dose ten times as great as that indicated in the column “‘viable count.” 


to that described by Bloch (3) and confirmed by the present writers (28) with 
cultures of virulent tubercle bacilli. 

If the over-all data are compared with the results of Suter and Dubos (37), 
it appears that the strain of BCG used in these experiments resembles most 
closely their Strain IT, which was the least virulent of the three substrains which 
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they studied. Owing to possible differences in the susceptibility of the laboratory 
animals in the two series of experiments, no direct comparison is possible. 

The immunogenicity of cultures of various ages: The degree of protection con- 
ferred upon mice by cultures of varying ages was tested by inoculating groups 
of 20 mice which belonged to the same batches as were used for the assessment 
of virulence of the cultures with 0.1 ml. of a 4-day-old culture of the virulent 
strain H37Rv about five weeks after they had been inoculated with BCG. Four 
batches of culture were used for the challenge inoculations, each being a freshly 
prepared Tween-albumin culture initiated from the same original suspension 
of bacilli and standardized by total count so that the inoculum contained approx- 
imately 6 X 10* bacterial units. Plate counts showed that in each case the viable 
count was within 10 per cent of the total count. 


TABLE 10 


A SratisticaL CoMPARISON oF THE SurvivaL Times or Groups or Mice VaAcciNATED 
wits BCG Cuttures or Various AGEs AND CHALLENGED WITH AN INTRAVENOUS 
INOCULATION OF VIRULENT TUBERCLE BacILL! 


MEAN DEATH LONGEST SHORTEST 


TIME SURVIVAL SURVIVAL DIFFERENCE 


EXPERIMENT 


per cené 
25 (o)* 8 (28) 2. >0.05 
| 87 (7) 5 (28) : : <0.01f 
7 81 (0) 74 (6) >0.4 


II 2: (7) 9 (13) 19 2. <0.05 
Excluding 6-day f 83 (7) 56 (21) 27 2.290 <0.05 
and 1l-day groups q (28) 70 (13) 10 .403 >0.1 


* 59 = average survival time of the indicated percentage of the group, in days; (0) = 
group inoculated with BCG culture 0 days old. 
t P less than 0.01 indicates significant difference. 


The mean death times in days (M.D.T.) for the first 25 per cent, the first 50 
per cent, and the first 75 per cent of the mice to die in each group, and finally 
for the whole group when all had died, were determined for each vaccinated and 
control group. The ratios of the figures obtained for the vaccinated groups were 
compared with those obtained from the appropriate control groups. The mean 
death times of the first 5 and the first 10 animals to die in each control group 
did not differ greatly (19.6, 21.4, 21.8, and 21.6 days for the first 25 per cent; 
20.8, 25.1, 24.7, and 23.2 days for the first 50 per cent). Nevertheless, the pro- 
longed survival of a few mice in some of the groups introduced a greater vari- 
ability in the mean death times for the other classifications (M.D.T.;s«, and 
M.D.T .:0¢e,). Comparison of the M.D.T.so, of vaccinated and control mice was 
the most informative, and the ratios M.D.T..sor, vaccinated oor 

M.D.T.som, control mice 
and are included in tables 2 and 3. With two exceptions, the values varied 
between 2.3 and 3.6 and no obvious trend was apparent. In particular, the 


were determined 
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values obtained for the very young cultures (twenty-four and forty-eight hours) 
and old cultures (twenty-one and twenty-eight days) were not significantly lower 
than other values. Cultures of these ages might have been expected to immunize 
mice less efficiently than cultures three to seven days old, from analogy with 
virulent tubercle bacilli (3), and, in the case of the older cultures, for a considera- 
tion of their somewhat lower virulence for the mouse and guinea pig (see previous 
section). The two exceptions (6-day-old and 11-day-old cultures, Experiment 
II, table 3) were affected by large numbers of mice which died on a particularly 
hot day (shade temperature 109° F.) without extensive signs of tuberculosis. 

A statistical comparison of the longest and shortest survival times at M.D.T sc, , 
M.D.T .so;,, and M.D.T ss, in groups vaccinated with cultures of varying ages, 
with regard to the survival times with the corresponding control groups, is set out 
in table 10. The only significant difference observed was between the M.D.T..o~ 
at seven and twenty-eight days in Experiment J. In this instance, the 28-day-old 
culture appeared to be significantly less effective in protecting the mice against 
the challenge inoculation than was the 7-day-old culture. However, the differ- 
ences in immunogenicity, as determined in these experiments, were not as great 
as might have been expected from a consideration of the virulence of the cultures 
of various ages. This may have been due to the very large dosage of organisms 


used for vaccinating the mice. 
DISCUSSION 


It was not until the introduction of Tween 80 by Dubos (1) that it became 


possible to study quantitatively the growth of M ycobacteria in vitro in a manner 
similar to that adopted for the study of other bacteria. In his review on the 
growth of bacterial cultures, Monod (10) insisted on the necessity for using aer- 
ated cultures for such studies. It has been observed (8, 40), however, that, if a 
Tween-albumin culture of mammalian tubercle bacilli is aerated either by con- 
tinuous shaking or by a stream of sterile air, growth is granular and is much less 
in amount than is observed in cultures incubated in shallow layers without 


continuous agitation. In most of the present experiments, therefore, cultures 
were incubated in shallow layers (usually 30 ml. in the bottom of a 250 ml. 
Erlenmeyer flask, approximately 3.5 inches in diameter at the bottom) and 
agitated gently by hand once each day. 

The only study comparable to the present one is that reported by Bretey and 
Imelik (41, 42), who studied the growth of Mycobacterium avium in the Tween- 
albumin medium by means of nephelometry, bacterial counts, and the study 
of films stained by the Ziehl-Neelsen method. The high degree of dispersion of 
avian tubercle bacilli is well known and was borne out by their studies. Starting 
with an inoculum which contained 98 per cent of isolated bacilli, they observed an 
increased aggregation which reached a maximum, with a large inoculum, on the 
third day, when the average number of bacilli in each clump was 7. Thereafter 
the bacilli separated, so that at eight days the culture again consisted almost 
entirely of single bacilli. With a smaller inoculum the highest clumping factor of 

2 occurred on the seventh day and the culture did not become completely dis- 
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persed until the eleventh day. A similar trend, spread over a longer time inter 
val consistent with the slower growth of mammalian tubercle bacilli, was ob 
served in the present experiments, but the degree of dispersion was never as 
great. The trend was more apparent with BCG than with H37Rv. With both 
there was initially an increase in the degree of clumping, which remained at a 
constant level with an average of 6 to 8 bacilli in each bacterial unit until about 
the fourteenth day. Thereafter the clumps became smaller and single bacilli 
became more numerous, so that in the mature cultures (twenty-one and twenty- 
eight days old) the average number of bacilli per bacterial unit had fallen to 
approximately 2. 

Several investigators have recently investigated the growth rate of tubercle 
bacilli in different culture media. Several methods have been used. The first was 
essentially the same as one of the methods employed in the present investigations, 
namely, photometric turbidity readings on cultures grown in the Tween-albumin 
medium (7, 8, 42, 43). Youmans (44) described a method involving micro 
Kjeldahl nitrogen determinations, but later (45) supplanted this by a technically 
simpler method, depending upon the time required for the first visible appearance 
of growth after inoculation with a series of decimal dilution of tubercle bacilli 
Imelik and Bretey (42) determined the generation time by bacterial counts as 
well as by photometry and, in the experiments herein reported, photometry, 
bacterial counts, and bacterial nitrogen determinations were all used. It is of 
interest to compare the generation times determined by different authors (table 
11). 

While there is considerable variation in the figures, it is apparent that, with 
mammalian tubercle bacilli grown in dispersed fashion in the Tween-albumin 
medium without continuous agitation, the generation time during the phase of 
exponential growth is usually between fifteen and twenty hours. The generation 
time of avian tubercle bacilli is considerably shorter. The unusually long genera 
tion times recorded when the rate of increase of bacterial nitrogen was used as 
the criterion (44) may be due partly to the more rapid growth with small inocula 
than with very large (45) or partly also to the method of assessment of bacterial 
growth. It was found in the present study that the generation time calculated 
from the bacterial nitrogen content was considerably longer in one experiment 
with BCG than the generation times calculated by other methods of measure- 
ment. Under certain conditions considerable reduction in the nitrogen content of 
bacilli may occur with only slight changes in the dry weight or opacity of the 
culture (48). 

The only workers (7, 45) who have mentioned the lag phase in the growth of 
mammalian tubercle bacilli in complete media have used methods of investiga- 
tion which have not permitted a comparison of the increase in cell mass with 
that in bacterial numbers. In the present experiments, a few observations were 
made on the lag phase. With H37Rv there appeared to be a definite lag phase. 


In comparable experiments, it was shorter when 3-day-old cultures were used as 


inocula than when 21-day-old cultures were used and was shorter in general 
when estimated by optical density than by bacterial numbers. With BCG there 
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appeared to be no lag when 3-day-old cultures were inoculated into fresh flasks 
of medium and rather long lag periods with 21-day-old inocula. The lag was 
again shorter when bacterial density rather than numbers was measured. These 
observations emphasize the similarity between the growth cycles of the patho- 
genic Mycobacteria and those of other bacteria. 


TABLE 11 


Tue Generation Times or Topercie Bacitui Growine Liquip Mepia, DETERMINED 
BY A Variety or Meruops 


CULTURE MEDIUM TECHNIQUE GENERATION TIME 
hows 
H37Rv Modified Proskauer and _ Bacterial nitrogen 37-89° 
Beck 
Modified Proskauer and 
Beck 


| Modified Proskauer and = appearance of 


Beck plus crystalline growth 


bovine albumin 
Modified Proskauer and 
Beck plus bovine serum 14.4 
H37Rv and | Modified Proskauer and | First appearance of 13.2-15.7 
13 other Beck plus bovine serum growth 
strains 
H37RvR Tween-albumin Photometric 21.1 
H37Rv Modified Tween-albumin | Photometric 27-32° 
(0.025 mg. NH,Cl per ml., 
10 mg. glucose per ml.) 
H37Rv Tween-albumin Photometric 16-19* 
Tween-albumin Total bacterial units 18-23° 
BCG Tween-albumin Photometric 17-23° 
(usually 20-23) 
Tween-albumin Total bacilli 15-32* 
(usually 20-23) 
Tween-albumin Bacterial nitrogen 24 
M. avium Tween-albumin Photometrict 12 
Tween-albumin Total bacilli 6 and 7.6 (42) 


* Results for different experiments varied within the limits shown. 
t This value differs from that given by the authors of the paper (30-40 hours). It has 
been determined by converting their data to log: values and replotting. 


The observations of Fisher and Kirchheimer (13, 14) on the occurrence of a 
stage of arithmetic linear growth in cultures of tubercle bacilli in Tween-albumin 
media are confirmed by the present experiments. Further, it is apparent from 
the experiments on BCG that a phase of arithmetic linear growth can be recog- 
nized whether one uses the optical density readings, the number of bacilli, or the 
total nitrogen estimations. Arithmetic linear growth usually commenced earlier 
with the bacterial count than with the optical density. The occurrence of arith- 
metic linear growth in the bacterial nitrogen and in the total counts and the 


< 
REFER 
ENCE 
(44) 
H37Rv 
(45) 
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close correspondence between total and viable counts throughout this stage of 
the growth cycle exclude one of the suggested explanations (13), namely, coin- 
cident exponential growth and autolysis. 

Imelik and Bretey (42) comment upon the continued linear increase in optical 
density (on an arithmetic scale) after the stationary phase has been reached in 
the total count. If both sets of readings given in their paper are plotted arith- 
metically or semilogarithmically, this difference disappears and it is apparent 
that, like mammalian tubercle bacilli, the growth of M. avium in Tween-albumin 
medium is characterized by a stage of arithmetic linear growth which commences 
slightly later when estimated from the bacterial count rather than from the 
optical density. 

Tubercle bacilli undergo marked elongation in the first day or so after intro- 
duction into fresh culture medium. This elongation, and the subsequent decrease 
in size, was greater in BCG than in H37Rv, and comments of other authors 
indicate that pronounced differences occur between different strains of mam- 
malian tubercle bacilli. Mackaness and Smith (49), for example, noted that their 
strain “Branch” assumed a cocco-bacillary form in 10-day-old Tween-albumin 
cultures, whereas H37Rv never became as short. Similar differences in the size of 
two substrains of BCG from different sources have been demonstrated by van 
Diense and his collaborators. The difference was apparent!y characteristic of 
the substrains and independent of the culture medium used, at least for the first 
four passages. It is apparent from the results in the present study that, when 
comparing the size of tubercle bacilli, the culture medium, the size and age of the 
inoculum, and the age of the culture must be carefully defined. 

Nuclear staining of Mycobacteria is not as satisfactory as that of many other 
bacteria, but it appeared from one experiment that changes in the nuclei pre- 
ceded by an hour or so the elongation of the bacilli, and thereafter proceeded so 
that there was a rough parallel between the numbers of nuclei and the length of 
the bacilli. No observations were made of the relative proportions of undifferen- 
tiated, intermediate, and differentiated forms; but there appears to be a close 
parallel between the nuclear events described for EZ. coli (51) and those occurring 
with the M ycobacteria, except that the time scales are quite different. 

In many investigations, suspensions of Mycobacterta are standardized by the 
measurement of their optical density. For most of the experimental problems of 
bacterial chemistry and metabolism, where the important variable is the bacte- 
rial density, this method is the most satisfactory. If the test depends upon the 
number of viable cells, as, for example, in virulence tests or genetic studies, this 
method of standardization can introduce considerable errors, due to the varying 
size of bacilli at different stages of growth. This is apparent from the growth 
curves and also in the data shown in table 1 of the present report and the im- 
mediately preceding paper. Added to this variability within strains is the 
variability between strains already mentioned. The close correspondence of 
total and viable counts during the periods and under the conditions of experi- 
mentation employed in these experiments renders it possible to determine the 
total number of bacterial units (which in these cultures corresponds closely with 
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the viable count) by direct counting in a Petroff-Hausser chamber—a simple 
and relatively accurate technique when the bacterial concentration is high 
enough. If it is necessary to know the total number of bacilli, differential counts 
of the numbers of bacilli per bacterial unit will allow the estimation of a clumping 
factor. In genetic studies the significant count may be that of the number of 
bacterial nuclei. The cytologic studies reported here indicate, not only that 
uninucleate bacilli are rare, but that the average nuclear count varies consider- 
ably at different stages of the growth cycle. As a very rough approximation, it 
may be stated that, with a 7-day-old Tween-albumin culture of H37Rv, the 
total count of the number of bacterial units should be multiplied by 3 or 4 to 
give the “total bacilli’’ count and again by 3 or 4 to give an estimate of the 
number of nuclei. The corresponding figures for BCG are 5 to 7 and 2 to 3. 
These figures vary with inocula of different sizes and different types of media so 


TABLE 12 


CoRRELATION or THE Ace or TweEeNn-ALBUMIN CULTURES wiTH VARIOUS MorPHOLOGK 
AND PuystoLocic CHARACTERS 


AG 
GROWTH CLUMPING LENGTH Fr Nt NEUTRAL RED 
Le FACTOR REACTION 


18-24 hours Low Lag phase : 3. j Weakly Negative 
positive 


3 days Very high Exponential j ‘ : Strongly Negative 
phase positive 

7 days High Retardation » 2.! 3.6 Strongly Negative 
phase positive 

21 days Low Stationary 2-: ] 2.6 Strongly Positive 
phase positive 


* Data from Bloch (3, 52). 


that a direct estimation under the conditions of experimentation used should be 
carried out when exact information is required. 

The results reported in the first paper confirm Bloch’s (3) observations upon 
the effect of the age of the culture upon the virulence of tubercle bacilli. They 
offer no information upon the reasons for these differences in virulence. Engbaek 
(11), observing the great delay in growth on solid medium of inocula from 3- 
week-old Tween-albumin cultures of H37Rv, compared with 3-day-old cultures, 
has suggested that the differences in virulence may be related to this. In the ex- 
periments of the present writers with H37Rv, the lag time with older bacilli ap- 
peared to be only slightly greater than that with younger bacilli and both were 
relatively short. However, the differences between the media used for cultivation 
of the inoculum and its subsequent inoculation were much less than in Engbaek’s 


experiments. The differences between culture media and host tissues are probably 


still greater, and the lag time might also be longer. It would not be difficult to test 


MET ENE 
AGE OF VIRULENCE TAGE OF 
CULTURE FoR MICE 
LORIZAT 
BACILLI 
BACILLUS 
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this factor experimentally. The differences in lag time of young (3-day-old) and 
older (21-day-old) cultures of BCG were much greater than was the experience 
with H37Rv. In table 12 are listed the different morphologic and physiologic fea- 
tures of cultures of H37Rv associated with varying degrees of virulence for mice. 

No attempt was made to determine the content of Bloch’s (53) “cord factor” 
in cultures of different ages, but it is apparent that cultures of tubercle bacilli 
incubated for different periods vary in a large number of characters. It may be 
that one or more of these characters is important in determining the virulence 
of the cultures, perhaps in association with the development of the bacillary 
lipids (54), including the cord factor. 

The virulence of the BCG cultures, in so far as it could be assessed by the 
methods used, appeared to be relatively stable until the cultures became mature 
(21 days old or more), when it dropped somewhat. Nevertheless, the degree of 
protection against challenge with H37Rv, conferred upon mice previously inocu- 
lated with BCG cultures with the same content of viable units but from cultures 
of different ages, appeared to be unaffected by the age of the culture. Vaccinated 
mice lived, on the average, two to three times as long as the control animals. 


SUMMARY 


The growth of BCG in Tween-albumin liquid medium was studied at frequent 
intervals for the first two days and at longer intervals thereafter for a month. 

The first change observed after the inoculation of the bacilli into the flask was 
an elongation of the bacilli, which occurred between the eighth and the twenty- 
fourth hours. The bacilli remained elongated throughout the exponential phase, 
and the nuclear count was correspondingly high. After the end of the exponential 
phase there was a gradual diminution in the length of the bacilli and in the aver- 
age numbers of nuclei per bacillus, and by the end of the third week both reached 
quite low values. 

The optical density of the inoculated flasks began to increase within a few 
hours of inoculation with the younger inocula, and the bacterial count rose shortly 
afterwards. With large inocula of 21-day-old “‘starter’’ cultures the increase in 
opacity, and especially in bacterial numbers, was greatly delayed. After a short 


period of acceleration the increase in both properties became exponential. The 


generation time of BCG during the exponential phase was approximately twenty 
hours. After the period of exponential growth there was a phase lasting about 
seven days, during which growth was linear when plotted arithmetically. Deter- 
minations of the nitrogen content of the culture showed that this also passed 
through stages of exponential and arithmetic linear growth, although they were 
not as clearly defined as with the other properties of the culture. 

During the growth of the culture the proportion of clumps containing several 
bacilli increased for the first four days, was maintained at a roughly constant 
level during the next six days, and then fell so that cultures aged fourteen days 
or more consisted predominantly of single bacilli or clumps of two or three bacilli. 

The virulence of the BCG cultures appeared to be somewhat lower with cul- 
tures aged twenty-one days and twenty-eight days than with younger cultures, 
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but age did not appear to affect the immunogenicity of the cultures under the 
conditions of the experiments. As far as could be judged, the BCG strain used in 
the present investigations was of rather low virulence. Mice inoculated intrave- 
nously with large doses of BCG five weeks before challenge inoculation with 
H37Rv lived two to three times as long as the unvaccinated controls. 


SUMARIO 


El Desarrollode los Bacilos Tuberculosos de Mamifero en Medio Liquido de Tween-Albtimina: 
II. Observaciones sobre la Proporcién de Microbios Viables, la Citologia, la Virulencia 
y la Antigenicidad en Diversos Pertodos del Desarrollo de BCG 


E1 desarrollo de BCG en el medio liquido de Tween-albdmina fué estudiado a plazos 
frecuentes durante los primeros dos dias y mds largos a partir de entonces durante un mes 

La primera alteracién observada después de la introduccién de los bacilos en el balén 
fué un alargamiento de los mismos, que tuvo lugar entre la octava y la vigésimacuarta 
horas. Los bacilos permanecieron alargados durante toda la fase exponencial y la numera 
cién nuclear fué alta en forma correspondiente. Después de terminar la fase exponencial, 
hubo una disminucién gradual del largo de los bacilos y del ndmero medio de nicleos por 
bacilo. aleanzando ambos cifras bastante bajas para el final de la tercera semana 

La densidad éptica de los balones inoculados comenzé a aumentar a las pocas horas de la 
inoculacién con los bacilos més jévenes y la numeracién bacteriana se elevé poco después 
Con los inédculos grandes de cultivos de veintidn dias, se demoré considerablemente el 
aumento de la opacidad y, sobre todo, del ndmero de bacterias. Al cabo de un breve periodo 
de aceleracién, el aumento de ambas propiedades se volvié exponencial. El tiempo de genera- 
cién de BCG durante la fase exponencial fué de unas veinte horas. Después del periodo de 
crecimiento exponencial, hubo una fase, que duré unos siete dias, durante la cual 
el desarrollo resulté lineal al ser computado aritméticamente. Las determinaciones del con 
tenido de nitrégeno del cultivo revelaron que también mostraba perfodos de desarrollo ex- 
ponencial y lineal aritmético, aunque no tan bien definidos como los de las otras propiedades 
del cultivo 

Durante el desarrollo del cultivo la proporcién de grumos que contenfan bacilos sument4 
durante los primeros cuatro dias, se mantuvo a un nivel mds o menos constante durante los 
seis dias siguientes, y luego descendid, de modo que los cultivos de catorce dias o m&s de 
edad constaban predominantemente de bacilos aislados o de grupos de dos o tres bacilos 

La virulencia de los cultivos de BCG parecié ser algo menor en los de veintidn 
y veintiocho dias que en los mas jévenes, pero la edad no parecié afectar la inmunigenicidad 
de los mismos, en las condiciones de los experimentos. En lo que pudo apreciarse, la cepa 
de BCG usada en las investigaciones actuales posefa virulencia algo baja. Los ratones 
inoculados intravenosamente con grandes dosis de BCG cinco semanas antes de la inocula 
cién provocativa con H37Rv vivieron el doble o el triple que los testigos no vacunados 


RESUME 
La croissance des bacilles tuberculeur de mammiferes dans un milieu liquide. 2. Observations 


sur la proportion d’organismes viables, la cytologie, la virulence et les 
propriétés antigines du BCG a différents stades de la croissance 


La croissance du BCG dans le milieu liquide Tween-albumine a été étudiée A intervalles 
fréquents pendant les deux premiers jours et A intervalles plus longs ensuite pen 
dant un mois 

Le premier changement observé aprés l’ensemencement du bacille dans le ballon était un 
allongement des bacilles, qui se produisait entre la huitiéme et la vingt-quatriéme heure. Les 
bacilles demeuraient allongés pendant toute la phase exponentielle et la numération 
nucléaire était proportionnellement élevée. Lorsque la phase exponentielle était terminée, 
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il se produisait une diminution graduelle de la longueur des bacilles et du nombre moyen 
des noyaux par bacille; a la fin de la troisiéme semaine ces deux valeurs atteignaient un 
niveau trés bas. 

La densité optique des ballons ensemencés commengait A s’accroftre dans les quelques 
heures qui suivaient l’inoculation avec l’inoculum plus jeune et le nombre des 
bacilles s’élevait bientét aprés. Avec un gros inoculum de cultures initiales de vingt-et-un 
jours, l’accroissement du degré d’opacité et particuliérement celui du nombre des bactéries 
subissait un retard considérable. Aprés une courte période d’accélération, |l’augmentation 
de ces deux propriétés devenait exponentielle. Le temps de reproduction du BCG au cours de 
la phase exponentielle était d’environ vingt heures. A la suite de la période exponentielle 
de la croissance, il y avait une phase qui durait environ sept jours, au cours de laquelle on 
observait une croissance linéaire arithmétique. Les analyses de la teneur en nitrogéne de 
la culture montraient que celle-ci passait également par des phases de croissance 
exponentielle et des phases linéaires arithmétiques; ces phases étaient toutefois moins 
nettement définies que celles observées pour les autres propriétés de la culture 

Au cours de la croissance de la culture, la proportion des agglomérats contenant plusieurs 
bacilles augmentait pendant les quatre premiers jours. Cette proportion était sensiblement 
constante pendant les six jours suivants et s’abaissait brusquement ensuite, de telle sorte 
que les cultures Agées de quatorze jours ou plus consistaient surtout en bacilles séparés 
ou en agglomérats de deux ou trois bacilles 

La virulence des cultures de BCG paraissait légérement plus réduite en ce qui concerne 
les cultures Agées de vingt-et-un et de vingt-huit jours que lorsqu’il s’agissait de cultures plus 
jeunes. Toutefois, dans les conditions de |’expérience, |’Age ne paraissait pas affecter les 
propriétés immunisantes des cultures. Autant qu’on peut en juger, la souche BCG utilisée 
dans ces investigations était d’une virulence relativement basse. Les souris étaient soumises 
& l’inoculation intraveineuse de fortes doses de BCG cing semaines avant |’inoculation 
expérimentale avee le H37Rv survivaient deux ou trois fois plus longremps que les témoins 


non-vaccinés. 
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ELECTROPHORETIC STUDIES OF THE SERUM PROTEINS 
IN TUBERCULOSIS' 


R. W. BALDWIN? anv C. N. ILAND 
(Received for publication March 3, 1953) 


INTRODUCTION 


Electrophoretic studies of the serum protein changes in human tuberculosis 
have been reported by Seibert, Seibert, Atno, and Campbell (1), by Ewerbeck 
(2), and by Kniichel and Kienle (3). These studies showed that as the disease 
progressed, there were increases in the alpha and gamma globulins with corre- 
sponding decreases in the albumin, and it was suggested that the increase in 
gamma globulin was due to antibody formation. Noattempt was made, however, to 
isolate and identify antibodies in the gamma globulin fraction, although Emmart 
and Seibert (4) showed that the fraction possessed tuberculostatic properties. 
Recently, Small (5) has investigated the serum gamma globulins in pulmonary 
tuberculosis, using a turbidimetric technique developed by Kunkel (6). The re- 
sults did not agree with the findings of Seibert and co-workers (1), and it was 
found that there was a good deal of overlapping of values in minimal, moderately 
advanced, and far advanced cases. 

The present work was carried out in order to confirm the findings of Seibert 
and her co-workers (1), and the fraction of tuberculous human serum contain- 
ing antibodies was identified in order to correlate the observed changes with anti- 


body formation. In addition, the serum protein changes which occur during the 
treatment of pulmonary tuberculosis were studied. 


METHODS 


Cases of tuberculosis were selected by one of us (C. N. I.) and classified as 
follows: 


Minimal pulmonary tuberculosis: These patients had unilateral lesions and no 
loss of weight or other symptoms. 

Advanced pulmonary tuberculosis: These patients had acute bilateral exudative 
phthisis as defined for the purposes of the Medical Research Council streptomycin 
trials (7) 

Far advanced pulmonary tuberculosis: The patients had extensive bilateral lesions 
and were in a poor clinical condition; the prognosis was bad 

Advanced nonpulmonary tuberculosis: All of these patients had active lesions in 
the spine and, in addition, 3 had kidney lesions. Quiescent chest lesions were present 
in 2 patients. This group was less homogeneous than the others. 

Normal serum was obtained from healthy Mantoux-positive adults. 


Blood was withdrawn by venepuncture into a sterile bottle, allowed to clot at room tem 
perature, and then the serum was removed aseptically and re-centrifuged. Serum was often 
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cloudy, due to the presence of lipid material. This was removed by centrifugation (15,000 
r.p.m. at 0°C.), and the clear serum was sucked from under the lipid which rose to the 


surface 


Electrophoretic Technique 


All of the analyses of serum were performed in barbiturate (Veronal) buffer at pH 8.6, 
and ionic strength 0.1 (8). Each serum sample was diluted with twice its volume of bar- 
biturate buffer, dialyzed against the same buffer at 1°C. for forty-eight hours, and clarified 
by centrifugation. Then the serum was examined in a Tiselius electrophoresis apparatus 
fitted with a cylindrical lens, schlieren optical system (9) 

Electrophoretic patterns were enlarged four to five times and the outlines traced. These 
diagrams were resolved into components by the method of Svedberg and Pedersen (10), 
and the area due to each component was measured with a planimeter. The ratio of the area 
of a given peak to the sum of the areas of all the peaks, neglecting the area of the delta or 
epsilon anomaly, was taken as the relative concentration of the component responsible for 
the peak. In the analysis of a sample, the relative percentage composition was determined 
from patterns recorded at intervals during the experiment and the values were averaged 
In the majority of the electrophoretic patterns recorded, there was a large anomaly present 


TABLE 1 
oF Sercm Fractions IsoLatep ELECTROPHORETICALLY 


POSITION IN CELL CONTENTS 


Top ascending Albumin, alpha, and beta globulins in reduced concentra- 
section tion. No gamma globulin. 
Bottom section Whole serum at its original concentration 


Lower descend- Albumin, alpha, beta, and gamma globulins in slightly 
ing section different proportions to whole serum and at a slightly 
reduced concentration. 
Top descending Gamma globulin, together with a trace of beta globulin, 
section in reduced concentration. 


in the descending beta globulin boundary, and this made interpretation of the descending 
patterns difficult. Therefore, all of the data recorded in this paper were computed by using 
only the ascending patterns 


Electrophoretic Isolation of Serum Components 


Undiluted serum was dialyzed against a buffer solution at 1°C. for forty-eight hours and 
then examined electrophoretically. The electrophoresis was continued until the serum com- 
ponents were completely resolved and extended throughout the cell. The current was then 
stopped and serum fractions were isolated from the electrophoresis cell. The contents of 
each fraction are listed in table 1 

Initially, the fractionations were performed in 0.15 M. sodium chloride buffered at pH 
7.6 with an 0.02 M. sodium phosphate buffer. Separation of the serum components, especially 
albumin and alpha-1 globulin, was incomplete in this buffer, however, and later experiments 
were performed, therefore, using the barbiturate (Veronal) buffer at pH 8.6 and ionic 
strength 0.1. Resolution of the serum components was more complete in this buffer and it 
was possible to isolate the gamma globulin fraction (Fraction V) free of beta globulin 
Barbiturate buffer at pH 8.6 is anticomplementary and, therefore, all fractions isolated 
in this buffer were re-dialyzed against a sodium chloride-barbiturate buffer at pH 7.3 before 
testing for serologic activity by the complement fixation test. The sodium chloride-bar 
biturate buffer consisted of 0.15 M. sodium chloride, containing a dilute barbiturate buffer 
at pH 7.3 (11 
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Se ne Activity, Percentage Composition and NV itroge n Content 


Ug 
The serologic activity, protein concentration, and relative percentage composition of 


each fraction were dete rmined 48 follows 
Relative percentage composition of each fraction was determined by the method of 
Erickson and co-workers (12 
Vitrogen content was determined by micro-Kjeldah], using Markham’s apparatus (13 
Serologic activity was assessed by the complement fixation test 
The serum, or serum fraction, was inactivated by heating at 56°C. for thirty minutes 
Then dilutions of each fraction were incubated at 37°C. for thirty minutes with a constant 
volume of antigen and in the presence of two minimum hemolytic doses of complement 
guinea pig). The hemolytic system was then added and the mixtures reincubated at 37°C 
for thirty minutes. The results were read immediately after the second incubation. The 


antigen used was a suspension of M. tuberculosis which had been extracted with urea (14 


TABLE 2 
ELecrropuoretic ANALYSES OF TUBERCULOUS HUMAN SercmM 


Veans and the Significance of Their Deviations from the N ormal Means 


RELATIVE PERCENTAGE 


Normal adu 
Pulmonary tu 
Minimal 53.1 0.1 
Advanced 9.0 <0.001 
Far advanced r r 7 9.6 0.01 
minal 
Nonpulmonary tubere 
lome ad vanced <0.05 0.05 12 


P ws the probability corresponding to the calculated value of Fisher's ¢ 


RESULTS 
Serum Protein Changes in Tuberculosis 


The results of the electrophoretic analyses of tuberculous human serum are 
summarized in table 2 which shows for each type of case the mean and the sig- 


> 


nificance of the deviation of the mean from the normal mean. Figure | shows 
typical electrophoretic patterns of serum obtained at different stages of the 
disease 

No significant changes were detected in the serum from patients with minimal 
pulmonary tuberculosis. However, as the disease became more severe, there were 
increases in the alpha-1, alpha-2, and gamma globulins with corresponding de- 
creases in albumin. In severely ill patients, there were further increases in the 
alpha-! and alpha-2 globulins and a slight decrease in the beta globulin. The 
alpha-! and alpha-2 globulin levels in serum from advanced and far advanced 
cases fluctuated considerably and there was a wide overlapping of values. Thus, 
in some cases, the alpha globulin levels were not very different from the normal 
values, while in others there was a threefold increase. The largest increases in 
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globulin level decrease to the normal level. None of the sera examined had ab- 
normal beta globulin levels and no change was detected in this component dur- 
ing the treatments. 


Identification of Antibodies in Tuberculous Human Serum 
(in collaboration with Dr. G. A. Gilbert) 


At first an attempt was made to identify the fraction of tuberculous human 
serum containing antibodies, using the method devised by Tiselius and Kabat 
(15). 


In this method, a sample of serum is analyzed electrophoretically while another is 
treated with the antigen to remove the antibody and is then analyzed under exactly 


TABLE 3 


ABSORPTION OF TUBERCULOUS HuMAN Serum with M. TUBERCULOSIS 
IMPOSITION 
Albumin Globulins 


Alpha-1 Alpha-2 Gamma 


Per Cm! Per Cm. Pet 


8 
Cm Cent Cent Cent 


Norma! adult (mean of 5 


samples 


1) Abnormal (J. H.) 
Original serum 
Treated sample 
Observed change 


2) Abnormal (EF) 
Original serum 
Treated sample 
Observed change 


the same conditions as the original sample. The measured area of the albumin peak of 
the treated sample is adjusted so that the areas of the albumin peak in the original and 
treated samples are the same (the albumin peak is unlikely to be affected by the re 
moval of antibody). Then, the areas of the other components in the treated sample are 
corrected by multiplying the measured areas by the ratio of the measured areas of the 
albumin peaks in the original and treated samples. The removal of antibody is indicated 
by a decrease in area of one of the components 


Two specimens of serum from patients with advanced bilateral pulmonary 
tuberculosis were treated in this manner. Both specimens had increased alpha-2 


and gamma globulins, the gamma globulin increase being the predominant 
change. Absorption of these sera did not produce any significant change in the 
electrophoretic patterns (table 3). The sera were absorbed twice with a suspen- 
sion of living virulent MM. tuberculosis. 


Cm." Per 

P| 55.1 4.0 8.8 14.5 17.2 
500 «640.8 57 4.7 140 11.4! 185 15.1 342. 27.9 
500 «43.4 48 42,118 10.2 146 12.7 340 29.5 
+-2.6 9 0.5 22 1.2 39 2.4 2 +1.6 
367 641.8 64 7.3 117 13.3 125 14.2 206 23.4 
367 45.3 43 5.3 110 13.6 108 13.3 183 22.6 
+35 21 —7 |4+0.3 17 0.9 23 0.8 
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Since the above experiments showed that absorption did not remove detect- 
able amounts of antibody from the sera, an attempt was made to isolate the 
serum fraction containing antibodies. Altogether, five specimens of serum from 
patients with active bilateral pulmonary tuberculosis were fractionated electro- 
phoretically, and the serologic activity, protein concentration, and relative per- 


TABLE 4 
COMPOSITION AND Activiry oF ELECTROPHORETICALLY ISOLATED FRACTIONS OF 
Human Serum 


COMPOSITION (MG. PER ML 
DILUTION TITER 
ISOLATED 
PATIENT Albumin Globulins Strum 
FRACTIONS 


Beta Gamma 


centage composition of the fractions were determined. The results summarized 


in table 4 show that the complement-fixing antibodies in the serum are contained 
in the gamma globulin fraction. All fractions containing gamma globulin showed 
some activity, while the fraction devoid of gamma globulin (Fraction I) was in- 
active. The fraction containing mainly gamma globulin, together with a trace 
of beta globulin (Fraction V), was active. It is unlikely that the activity of this 
fraction was due to beta globulin, because the analyses of the fractions showed 


Alpha-1 Alpha-2 
ay + as 

T I 19.6 1.6 1.0 0 0 
Ii! 34.5 1.9 7.6 11.6 1/2 

lV 14.9 1.9 00 13.8 1/2 

\ 0 0 0 0.2 3.7 l/l 

M I 23.3 2.0 1.8 1.4 0 0 
1/8 

IV 1/8 

Vv 0 0 0 0 4.4 1/5 

A I 20.8 2.8 3.8 1.2 0 0 
Il 27.1 3.6 9.2 7.1 9.3 1/4 

I\ - ~ 1/2 

\ 0 0 0 0 2.8 1/2 

A. B. I 11.1 1.6 2.8 1.9 0 0 
Ill 29.6 3.2 8.3 8.7 6.3 1/40 
I\ 0 1.8 2.1 3.5 2.9 1/10 
V 0 0 0 0 2.4 1/10 

a t ae 

G. 8. I 24.5 4.4 a 0 0 
Ill 31.0 6.9 6.5 8.8 1/20 
IV 4.7 4.4 6.8 8.8 1/10 

V 0 0 0 3.9 1/8 
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that, apart from gamma globulin, any other component present in this fraction 
was present in a much greater concentration in Fraction I, and this was inactive. 
DISCUSSION 

The data obtained in the study of the serum protein changes which occur in 
pulmonary tuberculosis show that, as the disease progresses, there are increases 
in the alpha-1, alpha-2, and gamma globulins, together with corresponding de- 
creases in albumin. In severely ill patients, there are further increases in the 
alpha-1 and alpha-2 globulins. These results confirm the findings of Seibert and 
associates (1) although a good deal of overlapping of values was found between 
moderately and far advanced cases. 

A study of the serum protein changes which occurred during the treatment 
of 4 tuberculous patients with streptomycin and p-aminosalicylic acid indicated 
that, as the patients recovered, there was a gradual decrease in gamma globulin 
toward the normal value. Similar results have been reported by Ewerbeck (2) 
in a study of the serum protein changes occurring during the course of miliary 
tuberculosis and tuberculous meningitis. In a study of the plasma protein changes 
which occurred during the treatment of tuberculous patients with a thiosemi- 
carbazone, Kniichel and Kienle (3) detected a decrease in the alpha globulin 
and an increase in gamma globulin. They suggested that the increase in gamma 
globulin was due to antibody formation but, in view of the toxic effects of the 
thiosemicarbazone on the liver and the results reported in the present paper, 
this statement needs further examination. 

As increases in the alpha and gamma globulins were demonstrated in tuber- 
culous human serum, an attempt was made to determine whether these changes 
were due to antibody formation. At first absorption experiments were tried, but 
no significant changes were detected when tuberculous human serum with ele- 
vated alpha and gamma globulin levels was absorbed with a suspension of living 
virulent M. tuberculosis. A suspension of living virulent organisms is probably 
the best antigen for the complement-fixation test and, therefore, the results 
suggest that the amount of antibody is so small that its removal does not alter 
appreciably the electrophoretic pattern of the serum. If this is so, then the greater 
part of the increased gamma globulin found in tuberculous human serum is not 
antibody. 

A study of the complement-fixing activity of electrophoretically isolated serum 
fractions revealed that the complement-fixing antibodies were contained in the 


gamma globulin fraction. 


SUMMARY 


In pulmonary tuberculosis, increases in the alpha-1, alpha-2, and gamma 


globulins occur in the serum as the disease progresses. These changes are ac- 
companied by corresponding decreases in albumin. Increases in the alpha-|! 
and alpha-2 globulins, together with corresponding decreases in albumin, were 
detected in the serum from patients with orthopedic and renal tuberculosis. 

A study of the serum protein changes which occur during the treatment of 
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pulmonary tuberculosis has shown that the gamma globulin level decreases to- 


ward the normal level as the patient recovers. 
The complement-fixing antibodies in the serum of patients with advanced 
pulmonary tuberculosis have been shown to be contained in the gamma globulin 


fraction. 

Absorption of tuberculous human serum with M. tuberculosis did not produce 
any significant changes in the electrophoretic patterns. It is probable that most 
of the increased gamma globulin detected in the serum is not antibody. 


SUMARIO 
Estudios Electroforéticos de las Seroalbtiminas en la Tuberculosis 


En la tuberculosis pulmonar, obsérvanse aumentos de las globulinas alfa-1, alfa-2 y 
gamma en el suero sanguineo a medida que avanza la enfermedad. Esas alteraciones van 
acompafiadas de disminuciones correspondientes de la albGmina. En el suero de enfermos 
que tenfan tuberculosis ortopédica y renal, descubriéronse aumentos de las globulinas alfa- 
1 y alfa-2 con disminuciones correspondientes de la albaGmina 

El estudio de las alteraciones que tienen lugar en la protefna sérica durante el trata 
miento de la tuberculosis pulmonar demostré que, a medida que se restablece el enfermo, 
la cifra de globulina gamma disminuye hacia la f6rmula normal 

Segtin se demostré, los anticuerpos fijadores del complemento en el suero de los enfermos 
que tenfan tuberculosis pulmonar avanzada estaban contenidos en la fraccién gamma de 
la globulina 

La absorcién con M. tuberculosis del suero humano tuberculoso no produjo mayores 
alteraciones en los patrones electroforéticos. Es probable que la mayor parte de la globulina 


gamma humana aumentada descubierta en el suero no represente anticuerpos 


RESUME 
Etudes électrophorétiques des protéines sériques dans la tuberculose 


Dans la tuberculose pulmonaire, & mesure que la maladie progresse, il se produit dans 
le sérum une augmentation des globulines alpha-1, alpha-2 et gamma. Ces modifications 
s’accompagnent d’une diminution correspondante de |’albumine. L’augmentation des 
globulines alpha-l et alpha-2 avec réduction correspondante de |’albumine sérique a été 
décelée chez des malades affectés de tuberculose rénale ou osseuse 

Une étude des modifications de la protéine sérique survenant au cours du traitement 
de la tuberculose pulmonaire a montré que la concentration de la globuline gamma di- 
minue et tend A se rapprocher de la normale A mesure que |’état du malade s’améliore. I 
a été démontré que les anticorps fixateurs du complément du sérum de malades présent 
ant une tuberculose pulmonaire avancée sont contenus dans la fraction globuline gamma 

L’absorption du sérum tuberculeux humain avec M tuberculosis ne produisait aucune 
modification appréciable des tracés électrophorétiques. Il y a lieu de penser que la plus 
grande partie de cette globuline gamma augmentée, décelée dans ce s¢rum n’agit pas comme 
inticorps 
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INTRODUCTION 


Until recently the treatment of acute massive pneumonic tuberculosis has been 
disappointing, particularly in Negroes. Of 32 Negroes treated by Shields (4) be- 
fore streptomycin became available, 25 died and 3 were hopelessly ill at the time 
of his report; at the same time he reported a mortality of 40 per cent in a series of 
20 white patients. Large tuberculous consolidations are far more common in Ne- 
gro than in white patients. In 1952, 15 Negroes and 4 white patients were ad- 
mitted with massive tuberculous pneumonia to the Tulane University Service 
at Charity Hospital. 

Acute massive tuberculous pneumonia has a characteristic clinical pattern. 
The onset is fairly acute and the duration of symptoms is usually less than one 
month when the patient is first seen. Fever and constitutional symptoms are 
present together with productive cough. Definite physical findings of pulmonary 
consolidation are always found. Often these patients are admitted to general 
medical wards but the duration of symptoms should arouse early suspicion of 
tuberculosis. The chest roentgenogram portrays either a large area of consolida- 
tion involving one or more bronchopulmonary segments or extensive confluent 
bronchopneumonia. Cavities may be visible but are usually obscured by the 
extensive inflammatory process. Distant spreads of the process may occur early 
even though cavities are not visualized on the conventional chest film. 

In the absence of effective treatment, tuberculous pneumonia advances relent- 
lessly. There is progressive liquefaction of caseous material, with the formation 
of large cavities from which tubercle bacilli spread to adjacent and distant por- 
tions of the lungs. In the Negro, the course of the disease is usually rapid; most 
patients die within one year. A few Negroes develop chronic active tuberculosis, 
but this course is more common in white patients. 

Before the use of streptomycin, the mortality from tuberculous pneumonia 
was very high both in white and nonwhite persons. In 1944, Shields (4) was un- 
able to influence the mortality in the Negro by the use of pneumothorax. Other 
forms of collapse therapy did not appear to be successful when applied alone, 
although Schwartz and Moyer (6) stated that pneumoperitoneum was of value 
in tuberculous pneumonia before streptomycin became available. The experience 
of different authors is at variance on this point. Kirby, Simpson, and Creger (5 


reported that pneumoperitoneum failed to control the disease in most of the 15 
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Negroes they treated with streptomycin. Schwartz and Moyer, however, found 
that pneumoperitoneum definitely improved the results when instituted six to 
eight weeks after treatment with streptomycin was begun. 

Streptomycin alone has proved to be inadequate for the control of acute tuber- 
culous pneumonia. The emergence to predominance of bacilli resistant to the 
drug results in clinical relapse after two or three months and the relapse usually 
leads to a fatal outcome. The introduction of para-aminosalicylic acid (PAS) 
and isoniazid has made it possible to maintain effective long-term antimicrobial 
therapy for the disease 

The present paper represents an account of the experience gained in treating 
23 Negroes with acute tuberculous pneumonia. The aims of therapy were to pre- 
vent progression and to produce a chronic stable pattern of the disease. At an 
optimal time, attempts were made to close cavities or to prepare the patient for 
surgical treatment. Since the cases reported were admitted in the period from 
January, 1948, to January, 1951, various treatment regimens were employed. The 
role of the various drugs and procedures used will be discussed in an effort to out- 
line a rational program for the management of acute tuberculous pneumonia. 


OBSERVATIONS 
Analysis of Material 


Most of the 23 Negro patients in the study were in the age groups of eleven 
to thirty and forty-one to fifty. Seven of the 12 patients in the younger group 
were females and 5 were males. Only 2 of the 8 patients in the forty-one to fifty 
group were females. Of the 3 remaining patients, 2 were almost sixty years of age, 
and the third patient was thirty-eight. This distribution corresponds with the 
age groups associated with the highest mortality from tuberculosis. 

Nineteen of the 23 patients were ill for three months or less when admitted to 
the hospital. One patient had been sick for five months before he was hospitalized; 
the remaining 3 patients suffered pneumonic spreads of disease from demon- 
strated cavities and waited longer than four months before hospitalization. 

Symptoms have not been listed for members of this series for fever, cough, 
expectoration, and weight loss were present in all cases. Sputum positive for 
tubercle bacilli was obtained in every case. One patient did not develop a produc 
tive cough until he had been in the hospital for two weeks; tubercle bacilli were 
then found for the first time. Chest pain, hemoptysis, and night sweats were not 
prominent symptoms 

The aim in the management of these patients was to enable them to reach a 
chronic stable stage of their disease. In order to obtain this goal, bed rest, chemo- 
therapy, and other measures which will be discussed were used. Our experience 
with the various therapeutic regimens used in an effort to cure these patients 
with exudative tuberculous lesions is summarized in figure 1 


| he rapy Employed During the Acute Stage 


Streptomycin without PAS: Six of the patients treated early in the series did 


not receive PAS together with streptomycin since PAS was not then available 
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Most of these patients did badly; only 2 patients survived and but one improved 
significantly. The amount of streptomycin given to this group of patients varied; 
the average patient received 30 to 42 one-gram doses of streptomycin; one patient 
received only 10 gm. of streptomycin before his early death. 

Streptomycin with PAS: The best results in the study were obtained in the 
patients treated with streptomycin and PAS; the dosage and duration of treat- 
ment with these drugs approached current standards. The patients in this group 
numbered 17; 11 of these patients also received pneumoperitoneum therapy. 
Only 2 of the 17 patients in this group are dead; however, 3 of the living patients 
are in the unimproved category. An analysis of figure | shows that the group 
which did not receive pneumoperitoneum therapy did better than the group 
receiving that treatment. It should be pointed out, however, that the patients 
who received pneumoperitoneum therapy, with 2 exceptions, had bilateral disease 
and were usually more severely ill than the others. The small number of cases in 
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Fic. 1. Results of various treatment regimens. It should be noted that the best results 
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were obtained when pneumoperitoneum was combined with streptomycin and PAS. 


both groups also makes it difficult to draw any definite conclusions about the 
effectiveness of pneumoperitoneum therapy. 

Pneumoperitoneum: The pneumoperitoneum was considered adequate (1) in 
12 of the 16 patients in whom the procedure was employed; only one of these 
patients with satisfactory collapse is dead. Five of these patients now have spu- 
tum negative for tubercle bacilli, and 7 are considered to be good surgical 
prospects. Eleven of the patients have received streptomycin and PAS in addi- 
tion to pneumoperitoneum. 

Other procedures used during the acute phase: Artificial pneumothorax therapy 
was utilized in 5 early cases. Three of the patients in this group developed prompt 
spreads of disease, and the procedure had to be abandoned. The other 2 patients 
died of progressive disease. 

Phrenic nerve crush was used as an adjunct in 3 of the pneumoperitoneum 
patients; this operation was employed when it was decided to maintain the pneu- 
moperitoneum as the chief form of collapse therapy for a long period of time. 
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A STUDY OF IRREGULAR DISCHARGES IN A VETERANS 
ADMINISTRATION TUBERCULOSIS HOSPITAL' 


JOSEPH F. TEDESCO 
(Received for publication May 27, 1952) 


INTRODUCTION 


The records of 100 consecutive patients who received irregular discharges at 
the Veterans Administration Hospital, Castle Point, New York, between Febru- 
ary 18, 1951, and June 29, 1951, have been reviewed. During this period, only 
38 patients (27 per cent of the total discharges) received regular discharges. 
(This is exclusive of transfers to other hospitals and deaths.) 

The problem of irregular discharges has been causing considerable concern 
among all persons involved in the care of tuberculous patients. A brief review of 
some previous studies of irregular discharges, including the reasons which patients 
gave for leaving irregularly, would be of interest before analyzing the discharges 
at Castle Point. 


A comprehensive study was done by William B. Tollen (1), who found that the 
rate of irregular discharges from non-Veterans Administration hospitals was 
comparable to that of the Veterans Administration hospitals. The percentage 
of irregular discharges as compared with regular discharges was slightly smaller 
in the former, but transfers to other hospitals were included among the reg 
ular discharges in the statistics of non-Veterans Administration hospitals 

Between 1942 and 1947, 52 to 72 per cent of the discharges of tuberculous 
patients from all Veterans Administration Hospitals were irregular in nature 

A study was done by the Veterans Administration in 1943 (2) in which the 
patients gave the following reasons for irregular discharges: family business or 
financial problems, 39 per cent; dissatisfaction with hospital rules and pro 
cedures, 18 per cent; inability to find absorbing activities in the hospital, 11 per 
cent; ability to receive adequate care at home, 9 per cent; objection to reduced 
pension, 7 per cent; failure to return from leave, 5 per cent; dissatisfaction with 
medical treatment, 3 per cent; fear of action by hospital board of discipline, 3 
per cent; alcoholism, 3 per cent; and miscellaneous, 2 per cent. 

All irregular discharges of tuberculous patients from Veterans Administra 
tion hospitals in July, 1947, were reviewed. In that month, 569 patients were 
discharged irregularly. In the same month there were 658 regular tuberculous 
discharges. Forty-five per cent of the patients discharged irregularly in July, 
1947, had had previous irregular discharges; 33 per cent were hospitalized 
less than one month; 75 per cent left within six months after admission 

Between October, 1947, and January, 1948, 533 of the patients who r 
ceived irregular discharges were interviewed by social workers. Question 
naires were completed by 401 of these ex-patients. The factors leading to ir 


regular discharges were divided into three main divisions: (1) those originating 


outside the hospital and related to personal, social, and economic status; (2 
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those originating within the hospital; (3) those emanating within the personal 
ity of the veteran. According to the social workers, the irregular discharges 
were divided equally among these three groups, but 80 per cent of the patients 
attributed their discharges to factors arising within the hospital 

Studies by other investigators revealed that the same factors were operative 
in their patients. Galinsky and Brownstone (3) blame (a) inability toadjust tosana- 
torium routine, (6) sociological factors, e.g., disruption of the home and finan- 
cial matters, (c) inability to continue further treatment.’’ Johnson (4) states 
that, ‘SO per cent of irregular discharges had emotional or behavior problems - 
Frankel (5) gives the reasons, “‘(a) concern over affairs at home, and (4) prob- 
lems of hospital adjustment.” Banyai and Cadden (6) list various reasons 
which include social, economic, and personal factors. Bobrowitz (7) studied 
70 patients and states that, “42 per cent left because of personal problems or 
emotional factors, 25 per cent felt that further hospital treatment was unneces- 
sary, 17 per cent expressed specific dissatisfaction with the sanatorium, 11 per 
cent were dissatisfied with medical treatment, the remaining 5 per cent gave 
miscellaneous reasons.’ 

Tollen suggested that the problem should be attacked by the combined 
forces at the hospital. His recommendations include utilization of medical 
social service during the period prior to hospital admission as well as during 
hospitalization; patient orientation after admission; strengthening of the pa 
tient-doctor relationship; availability of psychiatric service; coordination of 


medical care with vocational training; rehabilitation and physical medicine; 


and increased use of special services. 


OBSERVATIONS 
Report on Castle Point Cases 


Before analyzing the series of 100 irregular discharges at Castle Point Hospital, 
it should be noted that many of the suggestions listed by Tollen have been in 
effect for several years at this hospital. All newly admitted patients are given an 
orientation course which includes lectures by the assistant chief of the tubercu- 
losis service, the clinical psychologist, and by members of the following depart- 
ments: social service, rehabilitation, nursing, dietetic, and special services. 
Wherever possible all newly admitted patients are interviewed individually by 
a member of the social service department and by the clinical psychologist. 
Since the usual patient load at this hospital is approximately 580, two social 
service workers cannot see all of the newly admitted patients. For the last two 
years all newly admitted patients who have had any personal problem which 
might lead to an irregular discharge were immediately referred to both the 
clinical psychologist and the social service department. Patients who had a 
history of previous irregular discharges were also given the benefit of early 
consultations with members of these departments. The ward physicians also 
discuss problems and treatment as well as personal problems with the patient 
when necessary 

In the Castle Point series, the preponderance of patients in the younger age 
group is striking. Only 17 patients were veterans of World War I. Eighty-one 


patients were veterans of World War II, and 2 patients had peacetime service 


IRREGULAR DISCHARGES FROM A TUBERCULOSIS HOSPITAL 


prior to World War II. At the time this report was made, 69 per cent of the 
patients in the hospital were either veterans of World War II or of peacetime 
service. The percentage of irregular discharges in the younger patient is higher 
than would be expected from the number hospitalized in that age group. 

It is interesting to note that the illnesses of 75 per cent of the patients were 
designated as “‘service-connected,” i.e., attributable to their military service. 
Of these, 73 were in the World War II group. These patients are aware of the 
fact that they must be readmitted after ninety days if they desire treatment. 
Fourteen of these patients were readmitted within a six-month period after June, 
1951; 13 of these readmissions were “service-connected.”” The one ‘‘non-service- 
connected” patient was readmitted as an emergency. Fifty-six of these patients 
have had previous irregular discharges. Some of them have had as many as 
seven such discharges. These irregular discharges have not only been from Veterans 
Administration hospitals but also from private, city, or state hospitals (table 1). 


TABLE 1 
IRREGULAR DISCHARGES FROM VETERANS ADMINISTRATION HOSPITALS AND FROM PRIVATE, 
City, AND State 
CITY, STATE, | VA AND MORE THAN 


OR PRIVATE | OTHER IN } NE VA 
HOSPITALS | STITUTIONS HOSPITAL 


CASTLE POINT OTHER VA 
ALONE HOSPITALS 


1] 


9 


é 


Total 


The preponderance of previous discharges in “‘service-connected” patients may 
be seen in table 1. Forty-eight (64 per cent) of the patients who have had previous 
irregular discharges were in the “‘service-connected”’ group. 

A review of the patients’ clinical records reveals the following reasons for 
irregular discharges: 

1) Fifteen left after an alcoholic episode; (6) 14 patients were restless and 
either their ward physician or the clinical psychologist that “they never 
ld adjust to treatment’’; (c) 13 patients failed to return from a furlough 


1) 7 left after they could not obtain furlough; (e) b patients left because they 


“felt that thev could do just as well at home”: f » left because they desired 


hospitalization closer to home; (g) 4 left while the decision of a hospital board 


wwing infraction of rules was pending; (Ah) 3 patients left be 
y expected a brief period of observation”’ to determine activ 
ease; (i) 4 left after they were not granted discharges as 


m hospital benefits; (7) 2 patients left because of each 
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of the following reasons: family difficulties at home, generally dissatisfied with 
hospital routine, entirely indifferent to the need for hospitalization, desire to 
go home after transfer from a military hospital; (&) one patient was discharged 
by hospital board of discipline; (J) in 11 cases records failed to show any reason 
for leaving without permission of the staff. (These patients were apparently 
satisfied with hospital treatment until they suddenly decided to leave); (m 
11 patients left for miscellaneous reasons, e.g., 2 left after being moved from 
“their” bedroom, one left because he would not accept a seven-day furlough 
after he had requested eight days, one left after having had to appear four 
times before boards of discipline, another left because he felt that the “World 
War II” patients were rejecting him, one patient was admitted for a non 
tuberculous condition and left after seven days. This case cannot be called a fail 
ure in the treatment for tuberculosis. 


The small percentage of patients who expressed dissatisfaction with medical 
treatment before leaving is striking. Some of the group of 11 who left without 
expressing the reason might have been dissatisfied with their medical treatment. 

It is interesting to note that the majority of irregular discharges occurred 
within the first five months of hospitalization. Fifty-seven per cent of the patients 
left within the first six months after hospitalization. Eleven of these left in the 
first month, 12 in the second month, 8 in the third month, 12 in the fourth 
month, 10 in the fifth month, and 4 in the sixth month after admission to the 
hospital. Eighty-three per cent of the patients who were discharged irregularly 
left within the first year. Of the 57 who left in the first six months, 34 had records 
of previous irregular discharges. 

Social service records were reviewed and the reasons why patients received 
irregular discharges were available in 71 patients. Twenty-nine patients were 
not seen by the social service department during the hospitalization period re- 
ported. The reasons for leaving were divided into three groups; 


(a) Twenty-two patients left because of difficulties which arose in the pa 
tient’s home (financial problems; desired treatment closer to home); (6) 29 
discharges were attributed to difficulties resulting from the patient's personal 
ity (restlessness, impression that further bed rest was not needed, lack of in- 
sight into the seriousness of their disease, psychopathic personality); (c) 20 
patients left because of inability to follow hospital regulations. Thirteen of 
these 20 patients left before a board of discipline could be convened following 
breach of hospital rules; 3 others left because they objected to certain hospital 
regulations; one patient was discharged by the disciplinary board; one patient 
left after he was not discharged as having achieved maximum hospital! benefits; 
2 others left after only a few days of hospitalization, stating that they had 
expected only a brief period of observation. 


These figures parallel those reported by other observers, namely, that, in the 
overwhelming majority of irregular discharge cases, the departure from the 
hospital can be attributed to either factors arising within the patient or in the 


patient's home situation. Only a very small percentage can be directly attributed 


to factors originating in the hospital. 
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COMMENT 


The problem of irregular discharges has been a matter of deep concern to those 
involved in the treatment of tuberculous patients. This problem is not peculiar 
to the Veterans Administration alone because statistics show comparable rates 
of irregular discharges from non-Veterans Administration hospitals. It is also 
evident that only a small percentage of the irregular discharges reported by both 
types of hospitals can be attributed to dissatisfaction with hospital treatment. 
In the majority of patients, factors originating outside the hospital, for example, 
social and economic problems and factors originating within the personality of 
the patient, are responsible for the irregular departure from the hospital. 

In spite of a concerted effort by various members of the different services at 
the Castle Point hospital to indoctrinate and properly orient all newly admitted 
patients, the rate of irregular discharge is still excessive. One important factor is 
that some patients are not properly prepared for a prolonged period of hospitali- 
zation prior to admission. The proper education of each person in whom the 
diagnosis of active tuberculosis is made should begin with the physician who 
first makes the diagnosis. For various reasons, some of which may be beyond the 
control of the diagnosing physician, the new patient does not obtain a proper 
insight into the various aspects of tuberculosis. Due to this fact certain patients 
never do become adjusted to the need for prolonged hospitalization. Several 
patients stated that they had been advised “that they would only be hospitalized 
for a brief period of observation” before they were sent to this hospital. Upon 
being informed that they would require prolonged hospitalization for treatment 
of active tuberculosis, these patients left against medical advice. Another attitude 
which is frequently encountered when new patients are interviewed shortly 
after transfer from another hospital is ‘I was told that I would be discharged in 
several weeks.’’ On occasion it may be extremely difficult to impress this type 
of patient with the need for prolonged hospitalization. 

More attention should also be given to taking care of various problems in the 
patient’s home before he enters the hospital. Any financial and personal problems 
which might require the attention of the patient should be settled with the assist- 
ance of local social agencies. Patients are advised on admission to this hospital 
that they should not hesitate to discuss any personal matters with their ward 


physician or a member of the social service department. In spite of this advice, 
the fact remains that some patients are forced to accept irregular discharges 
because “urgent problems have suddenly arisen at home which cannot be han- 


died by the social service department.” 

Another large group of patients who require special attention are those who 
state that “they can not stand long periods of hospitalization.”’ These patients 
are all interviewed by the clinical psychologist as well as by the ward physician 
in an attempt to prevent the irregular discharge. In spite of these contacts, most 
of this group of patients cannot be persuaded to follow prolonged hospital! treat- 
ment 

The third group of patients in whom the number of irregular discharges is high 
is the one in which the patients have difficulty in adhering to hospital regulations. 
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One recommendation which is frequently made to attempt to prevent irregular 
discharges is that the patients should be granted more frequent furloughs. 
Statistics from this hospital show that 13 patients failed to return from a 
furlough. Seven patients left because they could not obtain furloughs. Appar- 
ently, patients will still leave irregularly in spite of a liberal furlough policy. 

Another hospital regulation which is frequently a cause of irregular discharge 
is the one forbidding the use of alcholic beverages. Fifteen patients left rather 
than face a hospital board of discipline after a drinking episode. 

It is evident that the problem of irregular discharge will always be present 
because some patients who need prolonged treatment will be unable to complete 
the prescribed period of hospitalization because of the reasons given above. 
With more concerted effort by everyone who comes into contact with each pa- 
tient, the number of irregular discharges can be reduced; however, it cannot be 
eliminated entirely. 


SUMMARY 
The cases of 100 patients who were consecutively discharged irregularly from 
a Veterans Administration hospital were reviewed. 
The majority of irregular discharges reported by previous writers and in the 
present study can be attributed to factors arising outside of the hospital itself 
rather than from the treatment received within the tuberculosis hospital. 


SUMARIO 


Estudios de las Altas Irregulares en un Hospital para Veteranos 


Repdsanse aqu{ 100 altas irregulares consecutivas de un hospital para veteranos de los 
E.U.A 


Preséntase también un breve resumen de los estudios realizados por investigadores an 


teriores 
Las mayorfa de las altas irregulares descritas por otros observadores y en el hospital 
wctual pueden atribuirse a factores procedentes del exterior del hospital mds bien que rela 


cionados con el tratamiento recibido en éste. 


RESUME 


Une étude des réformes irréguliéres dans un hépital de ‘‘Veterans Administration”’ 


Une série de cent cas consécutifs de réformes irrégulitres dans un hépital de ‘‘Veterans 
Administration” a été étudiée 

Un bref résumé des études effectuées par des investigateurs précédents est présenté 

La majorité des réformes irrégulitres rapportées par des observateurs précédents ainsi 
que celles de cet hépital peut étre attribuée A des facteurs se manifestant hors de |'hépital 


plutét qu’au traitement regu 
icknowle daqment 


Acknowledgement is made to Mrs. Hazel D. Ruoff, Chief Social Worker, and Mr. William 
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INTRODUCTION 


Numerous reports have been made regarding the experimental and clinical 
aspects of the effectiveness of thiosemicarbazones in the treatment of tubercu- 
losis. Of the series of thiosemicarbazones investigated by Domagk and his col- 
leagues, para-acetamido benzaldehyde thiosemicarbazone (thiacetazone’) was 
considered to be the most effective. A critical review of the results obtained in 
Germany has been made by Hinshaw and McDermott (1) and the pharmacology 
of thiacetazone in humans has been well described by Simmons and his asso- 
ciates (2). Recently, however, experimental evidence has suggested that para- 
ethylsulfony! benzaldehyde thiosemicarbazone (Berculon B‘) is more effective 
than thiacetazone. Thus, Hamré and his associates (3) showed that, of 100 
thiosemicarbazones and related compounds tested, only 8 showed significant 
reproducible activity, the effect of ethylsulfonyl substitution being superior to 
that obtained by substitution with the acetyl-amino group. The superiority of 
Berculon B in experimental tuberculous infection in mice has also been demon- 
strated by Hoggarth and Martin (4). Francis and his associates (5) have shown 
that there is wide variation in the dosage of Berculon B tolerated by various 
animal species; monkeys and mice were shown to tolerate 500 mg. per kg. twice 
daily, whereas in dogs, death from pulmonary edema occurred with a dose of 
25 mg. per kg. Greenberg and Thorp (6) have observed in eighteen persons 
receiving Berculon B that the concentrations obtained in the blood were approx- 
imately three times as high as those following a similar dose of Berculon A 
(thiacetazone). This confirms results obtained in experimental animals. 

It seemed reasonable before embarking on a clinical trial of Berculon B to 
endeavor to discover as accurately as possible the pharmacology of the drug. 
This report records the results of a trial set up under the auspices of the Research 
Committee of the Tuberculosis Society of Scotland to determine the pharma- 
cology of Berculon B in humans. No attempt was made in this trial to evaluate 
the therapeutic activity of Berculon B. 


METHODS 


Forty patients (21 male and 19 female) suffering from tuberculosis were selected, 10 


patients from each of four hospitals—Robroyston Hospital, Ruchill Hospital, Lochmaben 


‘From Robroyston Hospital, Glasgow; Lochmaben Sanatorium, Dumfriesshire; Ruch 
ill Hospital, Glasgow; Royal Victoria Hospital, Edinburgh; and the Department of Tuber 
culosis, University of Edinburgh 

? A report to the Research Committee of the Tuberculosis Society of Scotland 

* Known in the United States as amithiozone 

‘**Berculon”’ is the registered trademark of Imperial Chemical (Pharmaceuticals) Ltd 
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Sanatorium, and the Royal Victoria Hospit il, Edinburgh. Patients were 
it random to four treatment groups as follows 

Group I: (9 patients) who received 1 mg. per kg. twice daily 

Group IT: (11 patients) who received 1.25 mg. per kg. twice daily 

Group III: (11 patients) who received 1.5 mg. per kg. twice daily 

Group IV: (9 patients) who received 2 mg. per kg. twice daily 

It had already been ascertained (6) that Berculon B could be administered for a p 
of three months at a dosage of 1 mg. per kg. twice daily without significant toxicit 
was considered that examination of the toxicity and concentration of the drug in the blo 
over the range 1.0 to 2.0 mg per kg. twice daily would vield significant evidence of the pat 
tern of toxicity of the drug 

Half-dosage was given for seven days prior to the commencement of the trial and full 
dosage was continued for eighty-one days, or until such time as toxicity warranted cessation 
of administration of the drug 

It is considered possible that the initiation of full dosage after only seven days at all 
dosage may have been responsible for the occurrence of toxic symptoms, chiefly vomiting 
in the early weeks of treatment. Most authors recommend the gradual increase in dosage 
over several weeks. For instance, Ptaszynski and Salvi (7) did not administer full dosage 
of 200 mg. daily of thiacetazone until four weeks had elapsed 


The following determinations were made at weekly intervals on two occasions prior to 


commencement of treatment and at weekly intervals thereafter in the higher dosage 
groups (77 and JV) and fortnightly in Groups J and II 
(1) Estimation of hemoglobin, erythrocyte and leukocyte count 


2) Blood urea 
3) Serum bilirubin 
4) Bromsulfalein cle 
5) Urine albumin 1 microscopic examination of sediment 
6) Body weight 

Greenberg and Thorp (6) have observed that the maximum blood concentration of Ber 
culon B after a single dose occurs approximately four hours later. Blood samples were 
taken for estimation of blood concentration of the drug immediately before the morning 
dose, i.e., lve hours after the previous dose, and four hours later. In this way, the maxi 
mum and minimum blood concentrations were estimated in each person. The groups wer 
SAM pled follows 

Group I Sampled on d 

Group I1: Sampled or 

Group lll Sampled | 5 and SO 

G oup Th Sampled on s 3 3. 52. and SU 

Estimations of the Jerculo $ concentrations in blood samples vere made spectro; 
tometrically (8) by Mr. J. M. Thorp of the Research Department of Imperial Chemi 
Industries Ltd. (Dyestuffs Division). It had previously been ascertained that no signifi t 
loss of the drug occurred during the time which elapsed between the withdrawal of blood 
and the time ot estimatior tiie sample up to tour days provided that samples were 
stored in the dark 

OBSERVATIONS 
Incidence and Nature of Toxic Symptoms 


The incidence and nature of toxic symptoms and their relationship to dosage 
are shown in tables | and 2. It will be seen that it was necessary to stop the drug 
because of toxic symptoms in 18 of 40 patients (45 per cent). The most frequently 
observed major toxic symptoms were gastrointestinal disturbances and the 
occurrence of progressive anemia; malaise, depression, and lassitude were also 


frequently observed 
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Gastrointestinal symptoms: Gastrointestinal symptoms were observed at some 
time during treatment in 21 patients (52.5 per cent). The symptoms were suffi- 
ciently severe in 9 patients (22.5 per cent) for the drug to be stopped. Vomiting 
of a severe type was the leading symptom in all of the 9 cases. Such symptoms 
occurred as early as the first week in 6 instances and as late as the tenth week in 
one case, Of the 9 cases in which the drug had to be stopped, dosage had to be 
withdrawn in 7 instances before the end of the third week. 

Hemopoietic system: A fall in hemoglobin and erythrocytes was recorded in 34 
cases. A fall in hemoglobin exceeding 2 gm. was observed in 21 cases (52.5 per 
cent). The fall was usually observed first in the third and fourth weeks and was 
maximal at the eighth or ninth week. The average maximum fall recorded was 


3.0 gm. (0.6 to 6.0 gm.) Fall in hemoglobin and erythrocyte count was accom- 


panied in 18 cases by an increased concentration of serum bilirubin and by an 


TABLE 2 
Toxicity or THIOSEMICARBAZONE (BEerRcULON B) 
1.0 1.25 mG 1.5 MG 2.0 


PER KG PER KO PER KG PER KO 


(1 > (4) 


9 2 (9 
é < 


Gastrointestinal 

Progressive anemia 
kxanthemata 

Liver damage (romsulfalein test 
Conjunctivitis 

Malaise and depression 
Lassitude 

Thirst 

Tightness of breasts 


Hemopt vais with prolonged clotting time 


Figures in parentheses show number of patients in whom toxicity was sufficiently severe 


to cause stoppage of drug 


excess of urobilinogen in the urine in 10 cases. In most cases the hemoglobin 
concentration increased after the ninth or tenth week despite continuation of 
treatment 

Progressive anemia was sufficiently severe in 6 cases to necessitate cessation 
of treatment and, in 3 of these cases, an acute hemolytic episode occurred. 
Transfusion was required in one of these cases. 

The toxic effect upon the hemoglobin was very slight in a dose of 1.0 mg. per 
kg. twice daily and also in those patients who received 2.0 mg. per kg. twice 
daily. This apparently anomalous finding may be explained by the fact that 8 
of the 9 patients in the latter group had a low initial hemoglobin. 

A slight fall in leukocytes was observed in 25 cases. No cases of agranulocytosis 
occurred 

In one patient who received 2.0 mg. per kg. twice daily, a severe hemoptysis 
occurred and the blood clotting time was found to be sixteen minutes. After this 
episode the blood clotting time was tested in 24 patients and in 6 was found to be 
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prolonged. The prothrombin time was estimated in 9 more patients and no 


abnormality was found 

Liver dysfunction: There are widely different opinions regarding the degree of 
liver dysfunction which occurs during thiosemicarbazone therapy and many 
investigators have employed numerous liver function tests simultaneously in 
order to determine the occurrence of liver dysfunction. In this connection, it is of 
interest to note that Ptaszynski and Salvi (7), employing 200 mg. daily of thia 
cetazone for an average of 8.5 weeks and carrying out serum alkaline phospha 
tase, thymol turbidity, and thymol flocculation tests, serum colloidal gold, and 
icteric index in twenty-four men found no evidence of liver damage. 

In the present trial, liver function was estimated by the bromsulfalein clearance 
test. Falk (9), who has studied this question closely, states that this test gives a 
good measure of the liver damage caused by thiacetazone. Interference with 
clearance of bromsulfalein was observed in 8 cases, in 3 instances with dosage of 
1.5 mg. per kg. twice daily and in 5 instances in the 2.0 mg. per kg. group. 

The functional impairment was sufficiently severe in one instance to necessi 
tate cessation of dosage on the twenty-eighth day. Interference with bromsul 
falein clearance was observed as early as the twelfth day and as late as the fifty- 
fourth day. It was usually slight and, apart from the instance already noted, 
Was transient. 

Malaise, depression, and lassitude: A feeling of malaise and depression was 
recorded in 19 cases. In one patient the depression was so severe that it was 
necessary to stop dosage. In the other patients, symptoms were slight and tran- 
sient. Lassitude was complained of in 15 cases. In one case, the lassitude was so 
extreme as to necessitate stopping treatment. 

Conjunctivitis: Conjunctivitis was observed in 10 cases, mostly in the third 
and fourth weeks of treatment. The symptoms in all cases were transient, lasting 
from twenty-four hours to ten days, commonly two to three days. Complaint 
was made of smarting and watering of the eyes, and slight photophobia. Slight 
conjunctival congestion was observed. 

Exanthemata: Transient rashes were observed in 6 patients, usually in the 
third and fourth weeks. Usually the rash was morbilliform in character and 
affected the trunk and limbs chiefly. In 2 cases, itchy lesions of the palms and 
soles were present. The rash rapidly disappeared after the administration of 
antihistaminic drugs. The rashes did not recur, despite continued administration 
of the drug. 

Miscellaneous symptoms: Thirst was complained of by one patient and, in 3 
female patients, a transient feeling of tightness of the breasts was recorded. No 
evidence of renal toxicity was observed. 

It was noticeable that all toxic symptoms disappeared rapidly following cessa 


tion of dosage. 
Re lationship of Toxicity to Blood Concentrations 


The estimated average blood concentrations of Berculon B in patients of all 
dosage groups is shown in table | and the relation of toxicity to the concentration 
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of drug in the blood in table 3. These demonstrate that there is a reasonable 
correlation between blood concentrations of Berculon B and the occurrence of 
toxicity of sufficient severity to necessitate cessation of dosage. At average con- 
centrations of less than 0.25 mg. per 100 ml., 2 patients of 16 had to stop dosage. 
At concentrations greater than 0.25 mg. per 100 ml. it was necessary to stop 
dosage in 16 of 24 patients. 

Comparison of results obtained at individual hospitals showed a significant 
difference in the mean blood concentrations and in the incidence of toxicity. This 
is demonstrated in table 4, where the estimated blood concentration for a dosage 
of 1.5 mg. per kg. twice daily is recorded with respect to each hospital. The 
differences in the estimated blood concentrations are significant (greater than 
twice the standard error) for hospitals A (0.51 mg. per 100 ml.) and B (0.41 mg. 
per 100 ml.), compared with hospitals C (0.26 mg. per 100 ml.) and D (0.27 
mg. per 100 ml.). The possibility existed that there were differences in criteria of 
toxicity sufficient to stop dosage in the four hospitals or that some environmental 
factor such as diet, or time of dosage in relation to meals, was responsible for the 


TABLE 3 
Inctpence or Toxicity Surricient to Stop Dosace or THIOSEMICARBAZONE (BERCULON 
B) RetatTion To BLoop CONCENTRATION 
BLOOD CONCENTRATION « NUMBER OF NUMBER IN WHOM PER CENT (N WHOM DOSAGE 

RERBCULON B PATIENTS DOSAGE WAS STOPPED WA STOPPED 
mg. per 100 mi 
0.10-0.24 16 2 
0.25-0 .39 ll 6 

>0.4 13 10 


significant variation. No such obvious difference existed. Further analysis, 
however, showed that there was a considerable variation between the hospitals 
in terms of the stage of disease of the patient (table 4). As may be seen in table 
4, in hospitals A and B, 12 patients were in an early or intermediate stage of the 


disease, compared with only one such case in hospitals C and D. Cessation of 


treatment was necessary in all 3 early cases, in 6 of 10 intermediate cases, and 
in 9 of 27 advanced cases. However, there is no detectable difference between 
the blood concentrations in early and intermediate cases at hospitals A and B 
when compared with advanced cases in the same hospitals. The apparently 
increased toxicity in early and intermediate cases is probably merely a result of 
the higher blood concentrations at hospitals A and B, the reason for which 


remains obscure 
Relation of Blood Concentrations to Dosage 


The average blood concentrations of Berculon B of each dosage group and the 
four-hour increase in blood concentration following each dose are shown in 
table | and figure 1. These show that the blood concentration increases in approx- 
imately linear fashion over the range of dosage examined. This is also true of the 
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rate of increase. However, there was a two- to threefold variation in the blood 
concentration between persons in any one dosage group. Simmons and his asso- 
ciates (2) suggest that the same is true of thiacetazone. The large variation in the 
drug concentrations between persons in each group suggests that differences in 
absorption and metabolism of the drug have a significant effect on the ensuing 
concentration of drug in the blood. 


TABLE 4 
EstimaTeED BLoop CoNCENTRATIONS OF THIOSEMICARBAZONE (BercuLon B), oF 
INCREASE OF BLoOop CONCENTRATIONS, AND INCIDENCE oF Toxicity SUFFICIENT TO 
Stop Dosace at Four 
ESTIMATED BLOOD INCEN NUMBER F PA NUMBER OF EARLY 
HOSPITAL TRATION FOR DOSE OF 1.5 uG > TIENTS IN WHOM AND INTERMEDIATE 
PER KG. TWICE DAILY DRUG WAS STOPPED CASES 
mg. per 100 ™ 
0.51+0.04° 0.5740.13 6 of 10 7 of 10 
0.4140.02 0.4340.08 7 of 10 5 of 10 
0.26+0.02 0.20+0.06 3 of 10 1 of 10 
0.27+0.02 0.23+0.06 2 of 10 0 of 10 
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Fic. 1. Mean blood concentration of para-ethylsulfonyl benzaldehyde thiosemicarba 


zone (Berculon B) in relation to dosage 


It was observed that the blood concentration remains relatively stable through- 
out treatment in the majority of persons. In only 3 cases was there evidence of 
accumulation of the drug during the early stages of therapy. 


COMMENT 


The pattern of toxicity of Berculon B is similar to that of thiacetazone. Gastro- 
intestinal disturbances, anemia, liver dysfunction, malaise, depression, and lassi- 
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tude, exanthemata, and conjunctival irritation were the main symptoms of 
toxicity observed in the present trial. However, a detailed comparison of the 
degree of toxicity of Berculon B and thiacetazone is not easily made. Widely 
differing opinions have been expressed regarding the toxicity of thiacetazone 
even when comparable dosage has been used. Analysis of current reports suggests 
that, with the dosage commonly employed (100 mg. twice daily), toxic manifesta- 
tions may be expected in approximately 50 per cent of patients and, in 25 per 
cent, the reactions may be sufficiently severe to necessitate stopping the drug. 
When 50 mg. twice daily are given, toxic manifestations are uncommon. 

From the observations recorded in the present trial, it appears that Berculon 
B will be well tolerated in the majority of patients provided that concentrations 
of the drug do not exceed 0.20 to 0.25 mg. per 100 ml. The dosage required to 
achieve this blood concentration will be approximately 1 mg. per kg., i.e., 50 to 
75 mg. twice daily. With this dosage, the drug concentrations in the blood will 
be higher than those obtained with 100 mg. of thiacetazone twice daily (ap- 
proximately 0.1 to 0.15 mg. per 100 ml.) and toxicity will probably be less. If 
Berculon B is given in doses in excess of 1 mg. per kg. twice daily, significant 
toxicity may be expected. 


SUMMARY 


The results are recorded of a pharmacologic trial of para-ethylsulfony! benzalde- 
hyde thiosemicarbazone (Berculon B) in 40 patients, the drug being administered 
for a period up to eighty-one days. 


The drug was administered twice daily in doses which ranged from 1.0 mg. to 
2.0 mg. per kg. This range was chosen deliberately as it was considered that such 
dosage would yield significant information regarding the toxicity of the drug and 


its relation to dosage. 

The pattern of toxicity was similar to that already described in the studies of 
thiacetazone. Gastrointestinal disturbances and progressive anemia were fre- 
quently encountered; and liver dysfunction, malaise, depression and lassitude, 
exanthemata, and conjunctival irritation also occurred. 

Average blood concentrations of the drug increased linearly with dosage but 
there were large variations between the individual concentrations at any one 
dosage level. 

In concentrations in the blood which did not exceed 0.25 mg. per 100 ml., 
Berculon B was well tolerated in the majority of patients. Such a concentration 
is achieved by the administration of approximately 1 mg. per kg., i.e., 50 to 75 
mg. twice daily. The concentration in the blood achieved by this dosage is higher 
than that obtained by the administration of 100 mg. of thiacetazone twice daily 
(0.1 to 0.15 mg. per 100 ml.). 


SUMARIO 


Ensayo Farmacolégico en Seres Humanos de la Tiosemicarbazona Para-Etil 
Benzaldehido (Berculén B 
Preséntanse los resultados obtenidos en un ensayo farmacoldégico de la tiosemicarbazona 
para-etilsulfontlica de benz tldehido (Bereuloén B) en 40-enfermos. a los que se administré 


la droga durante un perfodo de tiempo que llegé hasta 81 dias 
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El medicamento fué administrado dos veces diarias a dosis que oscilaban entre 1.0 y 
2.0 mg. por kg., escogiéndose esos limites deliberadamente por considerarse que dicha dosi 
ficaciOn aportaria datos importantes en cuanto a la toxicidad de la droga y su relacién con 
la posologia 

El patrén de la toxicidad fué similar al ya descrito en los estudios de la tiacetazona, 
droga esta conocida en las E.U.A. con el nombre de amitiozona. Observaéronse frecuente 
mente trastornos gastrointestinales y anemia progresiva, habiendo ademds disfuncién hepa 
tica, malestar, depresién y lasitud, exantemas e irritacién conjuntival 


L a8 concentraciones sanguineas medias 1umentaron en proporcton lineal a la dosis, pero 


hubo grandes variaciones entre las distintas concentraciones a cualquier nivel terapéutico 
dado 

A concentraciones sanguineas que no excedian de 0.25 mg. por 100 ml., el Berculén B 
fué bien tolerado por la mayorfa de los enfermos. Obtiénense esas concentraciones adminis 
trando aproximadamente | mg. por kg., 0 sea, de 50 a 75 mg. dos veces diarias. La concen 
tracién sanguinea producida por dicha dosis es mds alta que la obtenida con la administra- 
cion de 100 mg. de tiacetazona dos veces diarias (0.1 a 0.15 mg por 100 ml 


RESUME 


pharmacolog que 1 para éthysulfonyl benzaldéhyde thiosemicarbazone, le Be rculon 
chez l'homme 


Exposé des résultats de l|’essai pharmacologique du para-¢thylsulfonyl (Berculon B 
chez quarante malades; le médicament étant administré pendant une période pouvant at 
teindre 81 jours 

Cs médicament a été administré deux fois par jour; les doses s’échelonnant entre 1 
A 2 mg. par kg., cette gamme a été choisie intentionnellement, car les auteurs considérent 
que ces doses donnent des informations valables sur les rapports de la toxicité du médica 
ment et de la dose 

L’expression de la toxicité était semblable a celle antérieurement décrite au cours des 
études sur la thiacétazone (Connue aux Etats-Unis sous le nom de amithiozone). Les 
troubles gastro-intestinaux et l’anémie progressive ont été fréquemment observés; la dys 
fonction hépatique, les malaises, la dépression, la fatigue, l’exanthéme et l’irritation con 
jonctivale se sont également produits 

Les concentrations sanguines moyennes du composé augmentaient en proportion linéaire 
avec la dose, mais il existait de grandes variations entre les concentrations individuelles 
quelle que fut la valeur de la dose 

Lorsque les concentrations sanguines, ne dépassaient pas 0,25 mg. par 100 ml. le Berculon 
B était bien toléré par la majorité des malades. Cette concentration est obtenue par l|’ad 
ministration d'une dose approximative de 1 mg. par kg. c’est dire 50475 mg. deux fois par 
jour La concentration sanguine qui est obtenue avec cette dose est plus élevée que celle 
résultant de l’administration de 100 mg. de thiacétazone deux fois par jour (0,14 0,15 mg 
pour 100 ml 
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INTRODUCTION 


Of a series of reports dealing with the discovery of marked antituberculous 
activity of isoniazid, those by Grunberg and Schnitzer (1, 3) and Grunberg and 
associates (2) are based essentially on observations made in mice whose treat- 
ment commenced immediately after intravenous inoculation with a virulent 
human or bovine strain of M. tuberculosis. Under these conditions, it was re- 
ported that isoniazid in suitable dosage was capable of controlling the infection, 
the majority of the surviving mice showing no tuberculous lesions and yielding 
negative subcultures for M. tuberculosis from the lung. 

The observations reported here deal with the effect of isoniazid, streptomycin, 
and their combination in experimental tuberculous infection in mice. This in- 
vestigation was prompted by an earlier observation (5) that, in established 
seven-day old murine tuberculosis induced by intravenous inoculation with the 
Ravenel strain, it was impossible to eradicate the infection by means of short- 
term (twenty-one-day) oral therapy with isoniazid in a dosage of 40 mg. per kg. 


of body weight. Although these earlier experiments which dealt with delayed 
chemotherapy did fully confirm the marked superiority of isoniazid over thio- 
semicarbazone (ethizone) and over streptomycin, some of the apparently healthy 


isoniazid-treated survivors showed in their lungs small tuberculous lesions and 
the presence of viable tubercle bacilli which retained their full virulence for 
guinea pigs. 

The purpose of the present study is to investigate whether combined chemo- 
therapy offers any advantage over the use of isoniazid alone and whether there 
is a marked difference between the effect of early treatment as compared with 
treatment delayed for seven days after inoculation. The experimental data pre- 
sented include observations made in mice treated with isonicotinyl-hydrazone 


* which compound showed in earlier experiments (5 


of p-hydroxy-benzaldehyde, 
a marked in vivo antituberculous activity and low toxicity in mice. This com- 
pound is one of a series of compounds synthesized in our laboratories by Dr. 
A. Zubrys and is designated compound 327 in the present report. 


' From the Connaught Medical Research Laboratories, University of Toronto, Toronto, 
Ontario, Canada. 

* This investigation was supported by a grant-in-aid from the National Research Council 
of Canada 

* After submitting this manuscript, the following two studies came to our attention 
Domagk and his associates (11) included the above compound among a series of isonicotiny! 
hydrazones described as antituberculous. An interesting carboxylic acid derivative of this 
same compound was recently described by Levaditi and Vaisman (12) 


$11 


CHARLES O. SIEBENMANN 


METHODS 


Female albino mice of an inbred (Connaught) strain, weighing 16 to 18 gm., were in- 
oculated intravenously with the Ravenel strain of M. tuberculosis.‘ The culture was grown 
for nine days in a modified Dubos medium. The infective dose was adjusted to correspond 
to 0.2 mg. of moist weight of growth contained in 0.4 ml. of medium. This dose killed all 
control mice between the seventeenth and twenty-second days 

Streptomycin sulfate was injected subcutaneously once daily for twenty-four of a total 
of twenty-eight days. Isoniazid and the isonicotinyl hydrazone of p-hydroxy-benzaldehyde 
(compound 327) were administered orally admixed to the standard diet which consisted of 
ground fox chow. Dosages are expressed in mg. per kg. of body weight and are calculated 
on the basis of an average food intake of 4 gm. per 20-gram mouse 


TABLE 1 
CHEMOTHERAPY OF MuRINE TUBERCULOSIS 


Infection: Intravenous Inoculation with Ravenel Strain of M. Tuberculosis 


Treatment: 28 Days. Start: On Day of Inoculation* 


EXAMINATION OF LUNGS 


TREATMENT 
SURVIVORS, 


ProrRTY 
SECOND 
DAY 


Subcultures for M. Tuberculosis on 
Léwenstein Medium Amount 
of Gross 
Tuber 
Lung Suspension culosis 
Colony Counts} 


Positive 
Streak 
Culturest 


Isoniazid 6/9 iS 6 100 25 
Streptomycin 10/10 


Isoniazid 
plus streptomycin 


Compound 327 


Controls 10 


* See methods 

+ Only those tests are recorded which were not vitiated by contaminants 
t Each figure represents count derived from lung of individual mouse 

§ Innumerable colonies 


A total of 106 mice was used for the experiment which comprised eleven groups of mice 
Groups I to IV underwent early chemotherapy, commencing on the day of inoculation 
(table 1); whereas Groups V to 1X received delayed chemotherapy, starting on the seventh 
day after infection (table 2). Ten infected untreated mice served as controls for both parts 
of the experiment. Six supplementary untreated control mice were killed on the seventh 
day after inoculation 

Although medicated diet was started immediately after inoculation in early treatment 
(table 1), the first streptomycin injection was not given until eighteen hours later 

As indicated in table 1, the following forms of chemotherapy were used: isoniazid, strep 


tomycin, isoniazid plus streptomycin, and compound 327. These same treatments were 


¢ Obtained through the courtesy of William Steenken, Jr., Trudeau Laboratory, Trudeau, 
New York 


412 
Mg. per 
Drug Ke 
100 
Po 200 10/10 7/9 10 6 V7 9 27 0.14 
3+ 
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used for delayed chemotherapy (table 2). The combination of all three drugs, isoniazid 


plus streptomycin plus compound 327, was used for delayed treatment only 


Chemotherapy was maintained for twenty-eight days. After two weeks of rest, all of 
the surviving treated mice were sacrificed and examined for gross tuberculous lesions 
The scheme used for recording the amount of gross tuberculosis (tables 1 and 2) is that 
proposed by Youmans (6). Histologic sections of lungs, liver, and spleen were prepared 
The cultivation of tubercle bacilli from the lungs was effected (a) by streaking the freshly 
cut surface of a lobe across a Léwenstein-Jensen slant, and (6) by grinding a second lobe 
in a ground glass tissue grinder and suspending the material in Tween’-albumin medium 


TABLE 2* 
DELAYED CHEMOTHERAPY OF MuRINE TUBERCULOSIS 
Infection: Intravenous Inoculation with Ravenel Strain of M. Tuberculosis 


Treatment: 28 Days. Start: On Seventh Day after Inoculation 


EXAMINATION OF LUNOS 


TREATMENT 
SURVIVORS Subcultures for M. Tuberculosis « 
aA Léwenstein Medium Amount 
of Gross 
was Tuber 
Lung Suspension culosis 
Colony Counts 


Positive 
Streak 
Cultures 


Isoniazid 6/9 
Streptomycin 
Isoniazid 

plus streptomycin 


Compound 327 
Isoniazid 
plas streptomycin 
plus compound 327 


Controlst 0/10 


* All footnotes of table 1 apply also to table 2 
+ Controls identical with those recorded in table 1 


containing 20 units of potassium penicillin G per ml. Of this suspension, an aliquot part, 
corresponding to one-fiftieth of the lobe, was seeded on a large Léwenstein-Jensen slope 
For virulence tests the same suspension was used for subcutaneous inoculation into 


guinea pigs 


RESULTS 


As the great majority of the treated mice survived the test period, a com- 
parison of the effects of different forms of chemotherapy had to be made on the 


basis of bacteriologic and histologic findings. 


> Tween 80 is the proprietary name for the polyoxyethylene derivative of Sorbitan 


monooleate obtainable from the Atlas Powder Co . Wilmingtor Ly laware 


100 66 75 80 4 0.74 
x x 2 6-4 
95 38 7 9 27 0.54 
200 10/10 5/8 100 & 16 6 4 0.44 
10) 
100 10/10 1/10 0 O 0 0 l 0 
200 
34 
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Early chemotherapy: In early chemotherapy (table 1), only some of the mice 
treated with isoniazid showed on gross examination a few small tuberculous 
lesions in the lungs, whereas in the group treated with streptomycin the lungs 
of all 10 mice were markedly enlarged and contained numerous well-defined 
tuberculous foci in all of the lobes. The mice which received compound 327 
presented essentially the same favorable picture as those treated with isoniazid. 
The only form of early treatment which resulted in the complete absence from 
the lungs of visible tuberculous lesions is the combination of isoniazid and strepto- 
mycin. Only one of 10 mice thus treated yielded a positive culture from the lungs, 
showing one single colony of M. tuberculosis. In the same group, colony counts 
made on lung suspensions revealed the presence of viable tubercle bacilli in only 
one of the 5 mice tested. 

Delayed chemotherapy: With delayed chemotherapy (table 2), the lungs of 
mice which were treated with streptomycin showed a more advanced stage of 
tuberculous infection thau those of the corresponding groups which received 
early treatment. The post-mortem findings in the two groups of mice on iso- 
niazid and on compound 327, respectively, did not markedly differ from those 
recorded for the mice which received early chemotherapy with the same drugs, 
although the colony counts were, on the average, higher for the delayed treat- 


ment. 

A more distinct difference between the effects of early and delayed chemo- 
therapy became apparent, however, with the combination of isoniazid and 
streptomycin. With this form of delayed treatment, the positive streak cultures 


and the colony counts revealed the persistence of viable tubercle bacilli in the 
lungs of the majority of the mice. Only the combination of the three drugs, as 
used for the last group of treated mice (table 2), proved sufficiently effective 
to result in the complete absence of visible lesions from the lungs and subcultures 
negative for tubercle bacilli for 9 of 10 mice. This finding was confirmed by nega- 
tive subcultures from lung suspensions obtained for 4 of the 5 mice tested. 

Histologic sections: Marked changes in the lungs and spleen were limited to 
the following groups of mice: untreated infected controls, pretreatment controls 
sacrificed seven days after inoculation, and all mice which had early or delayed 
streptomycin therapy. 

The lungs showed more or less marked obliteration of alveolar spaces and the 
presence of numerous tubercle bacilli. In the spleen the lymphatic nodules were 
reduced and fragmented by tuberculous lesions which contained numerous acid- 
fast bacilli as described for the experimental infection of mice produced by the 
H37Rv strain (7). 

The lungs and spleen of mice treated with isoniazid, compound 327, or the 
combination of these drugs with streptomycin failed to show the above-mentioned 
changes. Acid-fast bacilli were scarce, if present at all. 

In the liver the only unexpected changes were those suggestive of beginning 
fatty degeneration, noticeable in mice which had early or delayed chemotherapy 
with the combination of isoniazid plus streptomycin or delayed treatment with 
compound 327. 

Guinea pig inoculations: Eleven guinea pigs were inoculated subcutaneously 
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into the groin with lung suspensions from mice representing the various treated 
groups (tables 1 and 2). Only one guinea pig failed to develop a lesion at the site 
of inoculation and remained tuberculin-negative to 1 mg. of Old Tuberculin 
(OT) as of the eighty-fourth day. This guinea pig had been inoculated with lung 
material from a mouse treated with the combination of the three drugs (table 2). 

The remaining guinea pigs, which had received lung material from mice of the 
other groups, developed tuberculin sensitivity and marked local lesions with in- 
volvement of the inguinal nodes. The final outcome of these tests will be recorded 
in a later report. 


DISCUSSION 


The observations presented confirm the previously reported (3, 4) superiority 
of isoniazid over streptomycin in the short-term treatment of experimental 
tuberculosis in mice induced by the Ravenel strain. This conclusion applies to 
the early as well as to the delayed treatment of the infection, and is based on 
results obtained with subcultures from the lungs supplemented by colony counts. 
It is supported further by gross and microscopic examination of the lungs. 

Bernstein and co-workers (4) reported the superiority of isoniazid over strepto- 
mycin in the delayed treatment of the murine infection, although these writers 
did not deal with the important question of the possible presence in the surviving 
mice of residual tuberculous infection. 

The conditions of the present experiment, in which the effect of isoniazid falls 
short of eradicating the infection from the lung, lend themselves to the quantita- 
tive study of the effect of drug combinations. 

With early treatment (table 1), the combination of isoniazid and streptomycin 
is considerably more effective than isoniazid alone and is capable of reducing 
the infection to the point where subcultures from the lungs of the majority of 
the mice fail to reveal the presence of viable tubercle bacilli. A similar marked 
superiority of the combination of streptomycin and isoniazid was reported by 
Goulding and Robson (8) who made a study of the effect of isoniazid in the con- 
trol of experimental corneal tuberculosis in mice. These writers dealt mainly 
with the early treatment of the infection. Their observations made on tne effect 
of chemotherapy in the established ocular infection seem to support the present 
findings, which indicate that in delayed treatment (table 2) some of the ad- 
vantage of the combination of isoniazid and streptomycin over the use of iso- 
niazid alone is lost. 

While the present investigation was proceeding, Joiner and associates (9) 


published clinical observations which suggest that the combination of isoniazid 


and streptomycin in the treatment of pulmonary tuberculosis gives results which 
are superior to those obtained with isoniazid alone. 

The observed persistence of viable tubercle bacilli in the lungs of mice which 
received twenty-eight days’ treatment with isoniazid does not lessen the efficacy 
of this drug as a very powerful antituberculous agent. But it emphasizes the 
difficulty of eradicating an overwhelming experimental infection by means of 
a short-term treatment with isoniazid alone. 

It appears to be of some interest that in using delayed chemotherapy (table 2 
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it was impossible, under the conditions of the present experiment, to obtain 
negative subcultures from the lungs of mice which received the combination of 
isoniazid and streptomycin. In contrast, when the same two drugs were used in 
association with compound 327, the majority of the mice failed to show the 
presence of viable tubercle bacilli in the lungs. Although it seems possible that 
the same favorable result could be obtained in mice by using larger doses of iso- 
niazid in combination with streptomycin, the limited tolerance of man for iso- 
niazid (10) suggests that it may be worth while to explore further the possibility 
of combining streptomycin with an antituberculous drug which is of lower toxicity 
to man than isoniazid 

The choice of compound 327 for inclusion in the above experiment was based 
on results of screen tests in which a number of isonicotinylhydrazones of sub- 
stituted benzaldehydes were tested in the established tuberculous infection in 
mice. Of a number of compounds of this type, which show low chronic toxicity 
in normal mice, compound 327 proved to be one of the most active. A detailed 
report of these tests will be published. 

In assessing the possible toxic effects of the drug treatments, one has to take 
into account that dosages far in excess of those applicable for man were employed 
for short-term chemotherapy of the experimental infection. It seems likely that 
the observed liver changes, suggestive of fatty degeneration, which occurred in 
some of the mice treated with isoniazid plus streptomycin or with compound 327 
are the combined effect of drug action plus infection. This view: is supported by 
the observation that neither the infection by itself nor the drug treatment alone 


produced similar changes, which latter point was ascertained by chronic toxicity 
experiments. The occurrence of the above-described liver changes in some of the 
treated mice was not sufficiently consistent to permit final conclusions, but it 
emphasizes the necessity of extending the study of chronic toxicity from the 


norma! to the tuberculous animal. 


SUMMARY 


Chemotherapeutic tests in mice infected with ti.» Kavenel strain of M. tuber- 
culosis confirmed the marked superiority of isoniazid over streptomycin, both 
for early treatment as well as for delayed chemotherapy started seven days after 
inoculation. 

The combination of isoniazid with streptomycin proved more effective than 
isoniazid alone and resulted, with early treatment, in the complete absence from 
the lungs of visible tuberculous lesions which gave subcultures negative for tuber- 
ele bacilli in the majority of the mice. 

With delayed treatment, the combination of isoniazid and atreptomycin, al- 
though more effective than isoniazid alone, failed to eliminate the presence of 
viable tubercle bacilli from the lungs, whereas a combination of isoniazid plus 
streptomycin with the isonicotinyl hydrazone of p-hydroxy-benzaldehyde pre- 
vented the development of gross lesions and resulted in the absence of viable 
tubercle bacilli from the lungs of the majority of the mice. 

Although the antituberculous activity of the isonicotinyl hydrazone of p- 
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hydroxy-benzaldehyde is below that of isoniazid, its much lower chronic toxicity 


for mice prompted its choice for investigative work. 


SUMARIO 
La Isoniacida en la Quimioterapia Combinada de la Tuberculosis Experimental en los Ratones 


Pruebas quimioterapéuticas ejecutadas en ratones infectados con la cepa Ravenel del 
VM. tuberculosis confirmaron la decidida superioridad de la isoniacida sobre la estreptomicina 
tanto para el tratamiento temprano cuanto para la quimioterapia retardada iniciada a los 
siete dias de la inoculacién 

La combinacién de la isoniacida con la estreptomicina result6 mds eficaz que la isonia 
cida sola y fué seguida, en casos de tratamiento temprano, de la ausencia absoluta de 
lesiones tuberculosas visibles en el pulmoén que dié subcultivos negativos para la mayorisu 
de los ratones 

En los casos de tratamiento retardado, la combinacién de isoniacida con estreptomicin 
aunque mas eficaz que la isoniacida sola, no eliminé la presencia en el pulmén de bacilos 
tuberculosos viables, en tanto que una combinacién de isoniacida y estreptomicina con lu 
hidrazona isonicotinila del p-hidroxi-benzaldehido impidié la formacién de lesiones macros 
copicas e hizo ce saparecer ios Dat ilos tuberculosos viables de los pulmones de | t mavoris 
de los ratones 

Aunque la actividad antituberculosa de la hidrazona tsonicotinila del p-hidro-ixbenzal 
dehido es inferior a la de la isoniacida, su toxicidad erénica mucho menor para los ratones 


motivé su seleccién para tr ab OS de investigacion 


RESUME 
L'Isoniazide dans la chimiothérapie combinée de la tuberculose expérimentale de la suu 


Des tests chimiothérapeutiques effectués chez des souris inoculées avec la souche Rave 
nel du VM. tuberculosis ont confirmé la supériorité de | isoniazide sur la streptomycine, aussi 
bien pour le traitement précoce que pour la chimiothérapie retardée, instaurée sept jours 
aprés l’inoculation 

L’association de l’isoniazide et de la streptomycine s’est montrée plus efficace que le 
traitement par |’isonizaide seule et, dans le cas d’un traitement précoce, elle a eu pour ré 
sultat l’absence compléte de lésions tuberculeuses visibles dans le poumon et celui-ci a 
donné des subcultures négatives chez la plupart des souris 

Dans le cas d’un traitement retardé, l'association isoniazide streptomycine, bien que 
plus efficace que l’administration de l’isoniazide seule, n’a pas réussi A éliminer la présence 
de bacilles tuberculeux viables dans le poumon, tandis que association isoniazide strep 
tomycine plus Vhydrazone isonicotinylique de p hydroxy-benzaldéhvde a préve nu le 
développement de lésions macroscopiques et a permis de démontrer l’absence de bacilles 
tuberculeux viables dans les poumons de la majorité des souris 

Bien que l’activité antituberculeuse de l’hydrazone isonicotinylique de p-hydroxy 
benzaldéhyvde soit inférieure & celle de lisoniazide, le degré de sa toxicité chronique chez 
la souris, qui est beaucoup plus bas, l’a fait adopter pour les travaux d’investigation 
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A STUDY OF THE EFFECT OF ALCOHOLS ON TUBERCLE BACILLI AND 
OTHER BACTERIA IN SPUTUM! 
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INTRODUCTION 


In 1947, Smith (1) described experiments indicating that ethyl alcohol is an 
effective agent for killing tubercle bacilli in sputum when the sputum is smeared 
on coverslips and is pre-treated with 0.25 per cent of sodium hydroxide. In the 
present laboratory, Smith’s observations concerning the effectiveness of the 
ethyl-alcohol-sodium hydroxide treatment, using sputum spread thinly on glass 
rods (simulating thermometers) has been confirmed. Because of almost universal! 
availability of ethyl alcohol or isopropy! (rubbing) alcohol in hospitals, public 
health nurses’ bags, and homes, it was believed that it would be worth while 
to make further studies of the effects of these agents on tubercle bacilli and 
other pathogenic bacteria, especially in larger quantities of sputum, i.e., in spu 
tum cups. 

MATERIALS AND METHODS 


Sputum: One hundred and seventeen specimens of sputum obtained from 117 
patients were used. The specimens were less than twenty-four hours old and 


were obtained from patients who had pulmonary tuberculosis. Specimens were 
taken only from patients who were not receiving chemotherapy and in whose 
sputum acid-fast bacilli were readily demonstrable in Ziehl-Neelsen-stained 
smears. 

Each specimen was transferred to a sterile 
with 0.1 ml. of a 24-hour broth culture of Corynebacterium diphtheriae 
Léwenstein-Jensen-Holm medium was used for the cultivation of tubercle 


’etri dish and was additionally contaminated 


Cultures 
bacilli. Of an aqueous solution of penicillin G potassium (containing 1,000 units per ml 


0.1 ml. was placed on the surface of each slant within 24 hours before inoculation (2). Peni 


cillin was not used on the controls prepared from sputum treated with sodium hydroxide 

Cultures for Streptococci, Staphylococci, and diphtheria bacilli were made on heart 
infusion-dextrose (0.5 per cent)-agar (Difco) slants, on which had been placed approxi 
mately 0.05 ml. of defibrinated rabbit’s blood. In the first experiments, Léffler’s slants were 


used for the cultivation of C. diphtheriae, but this was discontinued when it was found that 


heart-infusion-agar slants served as well for purposes of isolation only. When the heart 


infusion-agar slants showed any growth, smears and broth subcultures were prepared. The 


broth cultures were incubated and blood-agar plates were poured. Random samples of the 


colonies which grew on the blood-agar plates were picked and identified as far as genus 


Plan of Study 


for detecting the presence of the test organism in untreated spu 


Control rperime nts 


tum 
a. One loopful (4 mm.) of untreated sputum from each specimen was streaked on the 


' From the Communicable Disease Center, Public Health Service, Department of Health, 
Education, and Welfare, Atlanta, Georgia 
? Present address: Department of Bacteriology, University of Georgia, Athens, Georgia 
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surface of slants of Lowenstein-Jensen-Holm medium prepared with penicillin, 
us described above, and also on the surface of heart-infusion-agar slants 
b. One ml. of 4 per cent sodium hydroxide was added to 1 ml. of the raw sputum in 
1 test tube and was allowed to stand with occasional shaking at room temper 
ature for thirty minutes. After neutralization with 2N hydrochloric acid, 0.1 ml 
was streaked on slants of Lowenstein-Jensen-Holm medium 
Tests 
Series A (alcohol-treated sputum): Five milliliters of alcohol in various concentrations 
were added to 1 ml. of sputum in test tubes and allowed to stand for various intervals 
(see Results). A tough, gummy coagulum formed immediately. This was removed with 
sterile applicator sticks and suspended in 5 ml. of sterile water to dilute the alcohol 
One loopful of the coagulum was streaked on slants of the medium. With liquid speci 
mens in which no large coagula were formed by the addition of alcohol, 1 ml. of sedi 
ment was pipetted into a tube of sterile water, and0.2 ml. of this suspension was inocu 
lated on the surface of the slants 
Series B (coagula plus shaking): The distilled water suspensions prepared in Series A 
were shaken for ten minutes in a mechanical paint shaker and 0.2 ml. of each was then 
inoculated on the slants 
Series C (alcohol sputum shaking treatment): This procedure was the same as described 
in Sertes A except that the alcohol-sputum mixtures were placed immediately (within 
sixty seconds) in the paint-shaking machine for the time intervals of disinfection. After 
shaking, the coagula which was produced, or 1 ml. of each of the suspensions, were 
placed in 5 ml. of sterile water as described in Series A, and 0.2 ml. of these mixtures 
was streaked on the slants 
Series D (coagula of Series C plus shaking): The coagula (or suspensions) and distilled 
water mixtures prepared in Series C were shaken in the paint-shaking machine for ten 
minutes, and 0.2 ml. of each suspension was placed on the surfaces of the slants 
All cultures were incubated at 37°C. Léffler’s slants and heart-infusion-agar slants were 
kept for one week unless growth occurred before that time. Subcultures were made from 
tubes which showed evidence of growth, and genus identity was established 
Tubes of Lowenstein-Jensen-Holm medium were slanted in a nearly horizontal position 
for forty eight hours at 37°C., after which the tubes were kept upright Routine gross ex 
amination of the tubes was performed weekly for six weeks. Gross readings were confirmed 
by microscopic examination of stained smears. Questionable growth was confirmed by the 
Tuberculosis Laboratory of the Communicable Disease Center 


RESULTS 


The results of tests which yielded viable tubercle bacilli are shown in table 
1. In table 2 the data for Staphylococci, Streptococci, and diphtheria bacilli are 
given. 

It is evident that, when coagula are formed by the addition of ethyl or iso- 
propyl! alcohol to sputum, tubercle bacilli can be recovered from a large num- 
ber of them (see A, table 1). Even after the coagula formed in Series A were 
broken up with water in the paint shaker, a high percentage of the cultures 


vielded viable tubercle bacilli, Staphylococci, Streptococct, and diptheria bacilli 


(see B, tables 1 and 2). This seems to support the widely held belief that sputum 
coagula protect organisms occluded within them. Experimental data in support 
of this old idea were not found in the literature examined. 

When the mixture of alcohol and sputum was shaken violently immediately 
after the mixture was made, the test organisms were nearly always killed, even 
by a two-minute exposure and even though a small amount of coagulum was 
formed (C, tables 1 and 2). 
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The experiments in Series D were included to determine whether the minimal 
coagulum formed by alcohol-shaken sputum would yield viable organisms when 
the coagulum was broken up. Only occasionally were viable organisms re- 
covered. 

There were no significant differences between the results obtained with ethyl 
alcohol and those obtained with isopropyl] alcohol. 


TABLE 2 
Errect or ALCOHOLS ON THE CULTIVATION OF Streprococci, 
THERIA From Sputum, Wits anv Witrnovut MECHANICAL AGITATION*® 


TUBES YIELDING CULTURES OF 


SUBSTANCES TESTED AND Staphylococci Sire plococes Diphtheria bacilli 
TIME APPLIED 
B 
Two minutes 
Ethyl alcohol, 
100 per cent 
Ethyl alcohol, 
95 per cent 
Ethyl alcohol, 
8O per cent 
Isopropyl! alcohol 
(rubbing), 70 
per cent 


Ten minutes 
Ethyl] alcohol, 
100 per cent 
Ethyl alcohol, 
95 per cent 
Ethyl alcohol, 
SO per cent 
Isopropy! alcohol 
rubbing), 70 
per cent 
Isopropy! alcohol 
(rubbing), 50 
per ct nt 


* See footnotes to table 1 


DISCUSSION 


These experiments indicate that, unless special and unusual precautions are 
taken, neither ethyl nor isopropyl alcohol may be relied upon to kill the organ- 
isms studied in this investigation when the bacteria are in sputum. Experiments 
published elsewhere (3) show that this also obtains, although to a lesser extent, 
even when the sputum is present only as a thin film such as adheres to an oral 
thermometer. That the Staphylococci, Streptococci, and diphtheria bacillus are 
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not per se resistant to these alcohols is made clear by another series of experi- 
ments (4), in which exposure of these “naked” organisms, i.e., pure cultures 
suspended in broth, to the same alcohols in the same concentrations resulted 
in complete destruction in less than one minute. No experiments on pure cultures 
of tubercle bacilli were made in the present study, but results obtained else- 
where (1) indicate that the organisms are highly susceptible to ethyl alcohol 
when in the “naked”’ state. 

As noted in the present experiments, when alcohol was added to sputum (ex- 
cept the very liquid specimens), a thick, white coagulum was produced. The 
addition of alcohol to the liquid specimens produced a flocculent precipitate 
which settled to the bottom of the tube. This precipitate yielded a much smaller 
percentage of cultures positive for the test organisms before and after violent 
mechanical agitation in the paint shaker than did the coagula produced from 
thick, viscous specimens of sputum. However, the occasional positive cultures 
obtained from the treated liquid specimens suggest that the alcohols tested are 
not reliable as disinfectants, even when used upon such small amounts of sputum 
as may adhere to a thermometer, a bronchoscope, or other instrument contam- 
inated with sputum. 

Previous studies by Smith (1) suggest that ethyl alcohol, in commonly used 
concentrations, is an effective disinfectant against tubercle bacilli in smears of 
sputum. One major difference between the present study and the study of Smith 
is that in the present study the sputum was not decontaminated with sodium 
hydroxide before or after disinfection. Studies in this laboratory show that 
Mycobacterium tuberculosis in thin or thick films of sputum untreated with NaOH 
are not as readily killed by ethy] alcohol as the report by Smith (1) would indicate. 


SUMMARY 


Ethyl alcohol and isopropy! alcohol (“rubbing alcohol’’) in 70 per cent con- 
centration are not effective as disinfectants against tubercle bacilli and other 
bacteria in sputum. 

Ethyl alcohol and isopropyl! alcohol (“rubbing alcohol’’) in 70 per cent con- 
centration are partly effective when they are brought into close contact with the 
tested organisms, as when the sputum and disinfectant are agitated together 
violently before the sputum has time to coagulate significantly. 

Sputum (especially viscous sputum) gives considerable protection against 
alcohol to organisms present in it unless unusual precautions are taken to pre- 
vent early coagulation of the sputum. 


SUMARIO 
Estudio del Efecto de los Alcoholes sobre las Bacterias del Esputo 
El alcohol etflico y al alcohol isopropflico (“‘aleohol de friega’’) a una concentracién 
de 70 por ciento no son eficaces como desinfectantes contra las bacterias contenidas en el 


esputo. 
El alcohol etilico y el isopropflico a una concentracién de 70 por ciento son parcialmente 


eficaces cuando se ponen en {ntimo contacto con los microorganismos ensayados, como su 
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cede cuando se agitan juntos violentamente el esputo y el desinfectante antes de que el 
esputo haya tenido tiempo de coagularse de veras 

El esputo (en particular el viscoso) proporciona considerable proteccién contra el al 
cohol a los microbios que contiene a menos que se tomen precauciones exageradas para 


impedir la coagulacién temprana del esputo 


RESUME 
sur Ueffet des alcools sur les bactéries des crachats 


L’aleool éthylique et l’aleool isopropylique (“rubbing aleohol’’) & 70%, ne sont pas 
efficaces comme désinfectuats contre les bactéries contenues dans les crachats 

L’aleool éthylique et l'alcool isopropylique (rubbing alcohol) 4 70%, sont partiellement 
efficaces quand ils sont mis en contact direct avec les organismes soumis au test, ainsi que 
lorsque le crachat et le désinfectant sont agités fortement ensemble avant que le crachat 
ait eu le temps de coaguler de fagon appréciable 

Le crachat (en particulier le crachat visqueux) offre une protection considérable contre 
l’action de l'aleool sur les organismes qu’il renferme, 4 moins que des précautions par 


ticuliéres ne soient prises pour prévenir la coagulation précoce du crachat 
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INTRODUCTION 


Since the inception of the United States Department of Agriculture Bovine 
Tuberculosis Eradication Program in this country in 1917, the incidence of tuber- 
culosis in cattle has been reduced from approximately 5 per cent to less than 0.2 
per cent (1). The diagnostic test used since 1936 is the intradermal injection of 
Bureau of Animal Industry intradermal strength tuberculin (BAI regular tuber- 
culin), a concentrated filtrate of human-type tubercle bacilli culture grown on 
synthetic medium (2). Animals which are classed as reactors are condemned and 
slaughtered in government-inspected establishments and careful post-mortem 
examinations are made by government veterinary inspectors. At the present 
time, however, tuberculous lesions cannot be found on post-mortem examination 
in approximately one-half of the animals condemned (3). Although many of these 
no-visible-lesions (NVL) cases are probably due to incipient tuberculosis, some 
proportion of them are undoubtedly due to cross-reactions of tuberculin with 
heterologous sensitization due to Johne’s bacilli, avian tubercle bacilli, or closely 
related acid-fast organisms (4, 5). 

Johne’s disease, paratuberculosis, is a chronic enteritis caused by the organism 
Mycobacterium paratuberculosis (6). The infection occurs principally in cattle but 
is also found in sheep, goats, and deer. Symptoms of the disease are emaciation 
and diarrhea. Johne’s disease is estimated to cause an annual loss in cattle valued 
at approximately $500,000, and evidence indicates that the disease is widespread 
and increasing. Control of Johne’s disease has been effected to some extent by 
detecting the infection by means of an intrademal test similar to that used for 
the detection of tuberculosis (7). Animals which give a positive reaction to this 
test may then be condemned or isolated. The reagent used for the skin test, BAI 
regular johnin, is simply a concentrated filtrate of Johne’s bacilli cultures (8). It 
is not completely satisfactory because it is not specific for Johne’s disease (5) and 
it is not uniform from one batch to another. 

Baisden and co-workers reported on some rather unpromising attempts to im 


prove johnin and tuberculin by various physical, chemical, and biologic treat- 


ments (9). 
Further work on the fractionation of tuberculin and johnin has been carried 


1 From the Allergen Research Division, Bureau of Agricultural and Industrial Chemis 
try, and the Pathological Division, Bureau of Animal Industry, Agricultural Research 
Administration, U. 8. Department of Agriculture, Washington 25, D. C.; and the Regional 
Animal Disease Research Laboratory, Bureau of Animal Industry, Agricultural Research 
Administration, U.S. Department of Agriculture, Auburn, Alabama 
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out in order to try to obtain materials which are more specific than the regularly 
produced tuberculins and johnins. A satisfactory preparation should give posi- 
tive reactions with homologously sensitized animals but little or no reaction 
with heterologously sensitized animals. The experiments on tuberculin described 
in papers I and II of this series, and on johnin described in paper III, were car- 
ried out during the period 1947 through 1951. 


PLAN OF INVESTIGATION 
Method of Testing 


To determine whether the fractions obtained in this investigation were more 
specific than BAI regular tuberculin, intradermal tests were made on two groups 
of 10 cattle each, one group having been sensitized to Mycobacterium tuberculosis 
var. bovis and the other to M. paratuberculosis. The animals were sensitized at 
least a month before initiation of the tests by intraperitoneal injection of 3 gm. 
of the appropriate heat-killed bacilli suspended in mineral oil. Sixteen materials, 
including a control (regular tuberculin), were tested at a time. 

The response—concentration relationship was determined by testing each of 
the 16 materials at four concentration levels based on their nitrogen contents. 
The levels selected for all materials depended upon the degree of sensitivity of 
the cattle, higher levels being selected when the degree of sensitivity was low 
rather than high, as determined by preliminary tests. The relative levels of an 
unknown material and the regular tuberculin were selected so that as nearly as 
possible the same range of response would be covered (figure 1). 


Regular BAI tuberculin usually contains approximately 2,300 y of nitrogen per ml. in 
its undiluted form. Most of this nitrogen is inactive. Comparisons with unknowns were 
made on a nitrogen basis, however, because the nitrogen content of various lots of the 
regular product is slightly different. Moreover, it was assumed from the results of pre 
vious work (unpublished) that the same proportion of inactivity of the regular product 
would be manifested on both homologous and heterologous sensitizations. Comparison of 
the regular and fractionated tuberculins on a nitrogen basis did not in itself show the 
fractionated products to possess more specific potencies simply because of the removal of 
the extraneous or inactive nitrogen. This is shown in the present study by the fact that 
certain fractionated products were found to possess less specific potencies than the regular 
material, their potencies on both sensitizations still being fairly high (figure 1) 

In expressing the results of the fractionations, the percentage of the total nitrogen of 
the culture filtrate which is contained in a fraction is given. This was done to indicate the 
efficiency of the fractionating process rather than to indicate interest in the efficiency of 
the various types of nitrogen present in the original material. It is admitted that the per- 
centage of the total active nitrogen which was present in a fraction was the point of real 
interest in considering efficiency of a procedure, but, since an accurate estimation of the 
total active nitrogen is practically impossible, the percentage of the total nitrogen is sub- 
stituted 

Since various areas of the bovine skin differ in sensitivity to tuberculin (10), four areas 
were defined on each animal. The 64 injections were placed so there would be 4 materials 
or 16 injections in each of the four areas on each animal: area 1, both sides of the neck; 
area 2, high on both sides; areas 3 and 4, on both sides below area 2. These areas are shown 
in a paper by Wadley (11). The four concentration levels of each material were injected in 
adjacent sites but in random order 
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In each group of animals, the 16 materials were randomized with respect to site of injec 
tion in such a way that every material was paired with each other material at least twice 
The incomplete block plan mentioned by Wadley was used (11, 12). This reduced the error 
due to differences in sensitivity of the four areas. The skin thickness at the site of injection 
was measured before injection and the increase due to the injection was determined forty 
eight hours later. Skin thickness measurements were made with the dermal thickness gage 
described by Kummer and Johnson (13) 

The responses were analyzed statistically by the method described by Wadley (11, 12 
to obtain the potency of each material based on regular tuberculin as unit potency, the 
regular having been tested on a nitrogen basis. The potency values were then corrected for 
differences in nitrogen content among the samples. The specificity was calculated as the 
ratio of the homologous to the heterologous potency. Usually a potency of approximately 
2 and a specificity of approximately 3 were required for statistical significance (19:1). For 
high significance (99:1), these values had to be approximately 3 and 4, respectively. Po 
tency or specificity of samples described as high or low will refer to comparison on a nitro- 
gen basis with BAI regular tuberculin unless otherwise stated 

In many tests the numerical value calculated for the specificity of certain fairly specific 
materials was obviously in error because the responses on the heterologous series were too 
low. Therefore, comparisons were also made graphically. Thus, as shown later in figure 1 A, 
the plot of response versus log concentration of nitrogen shows that BAI regular tuberculin 
has some specificity; that is, for a given response, a higher concentration is required on 
the heterologous series than on the homologous. To be more specific than the control, a 
fraction must yield curves on the graph even farther apart than those for the control. For 
numerical comparisons to be valid, the homologous and heterologous curves should be 
parallel within the limits of experimental error. This obviously would be impossible if the 
fraction were specific because the heterologous curve would then coincide with the abscissa 
Therefore, the more specific materials can be tested at concentrations as high as possible 
on the heterologous series and then, if the reactions are not sufficiently high, the calculated 
specificity will not be numerically correct, but the graphic demonstration of enhanced 
specificity will be none the less valid 


OBSERVATIONS 
Material 


The tuberculin used in this work was furnished by the Pathological Division, 
Bureau of Animal Industry, U. 8. Department of Agriculture. 


Human-type tubercle bacilli (Strains Pn, C, and Dt) were grown on a synthetic 
medium containing dextrose and glycerol as described by Dorset and Henley 
2). Strain 110 of bovine-type bacilli was grown on a medium which has a lower 
asparagine and glycerol content than that just mentioned. At the age of eight 
to twelve weeks the cultures were heated in flowing steam for an hour and 
allowed to cool. Filtration through a fine wire screen and then through paper 
yielded the dilute culture filtrate. 


Comparative bovine skin tests showed that unheated culture filtrate, sterilized 
by filtration through sintered glass, was neither significantly more potent nor 
more specific than material which had been heat-sterilized either at the normal 
pH of the filtrate (approximately 8.5) or after the pH had been adjusted to 7.0. 
This experiment showed that the heat-sterilization procedure used in the prepara- 
tion of tuberculin apparently had no deleterious effect on the biological activity 
of the product 
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Incidentally, another experiment showed that international standard tuber- 
culin, prepared by Seibert,? was neither significantly more potent nor more 
specific than BAI regular tuberculin. 


Fractionation of Human Tubercle Bacilli Culture Filtrate with Hydrochloric Acid 


Fractionation of tubercle bacilli culture filtrate at its normal pH (approxi- 
mately 8.5) by the addition of alcohol gave a series of fractions, none of which 
was significantly more specific than BAI regular tuberculin. Therefore, similar 
fractionations were carried out at pH levels below the neutral point. 


Three lots of culture filtrate, previously concentrated by ultrafiltration using 
Berkfeld candles covered with synthetic sausage casing, were adjusted while be 
ing stirred at room temperature to pH levels 5.0, 4.0, and 3.0 by the addition of 
N hydrochloric acid. The precipitates were removed by centrifugation (2,500 G 
and the supernatant solutions were made to 30 per cent alcohol. After removal of 
the resulting precipitates, additional solid fractions were obtained at 60 and 90 


per cent alcohol 


Bovine skin tests of solutions of the fractions showed that the precipitates 
obtained on acidification were more specific than the control, while the fractions 


precipitated by alcohol were less potent and less specific. 
That acidification, without the addition of any alcohol, precipitated the more 
specific material from culture filtrate was again shown as follows: 


Two lots of culture filtrate, previously concentrated in a hood draft and 
filtered, were made to pH 5.0 and 4.0, respectively. A second fraction was 
then obtained from each lot by adding alcohol to the supernatant solutions 
up to 90 per cent by volume. The results of this experiment, summarized in 
table 1, show that the more potent and more specific material was precipitated 
at pH 5.0 and that a greater amount was precipitated at pH 4.0. The materials 
precipitated by alcohol at both pH levels from the supernatant solutions were 


low in potency and in specificity. 


Fractionation of unconcentrated culture filtrate from the batch of culture 
filtrate referred to in the preceding paragraph was effected at pH levels 5.0, 
1.0, and 3.0, after which the supernatant solution was made to 90 per cent 
aleohol. The yields of the four fractions, based on the nitrogen in the culture 
filtrate, were 11, 8, 0.5, and 7 per cent, respectively. Again the more specific 
material was precipitated by the acid, while the material precipitated by the 
alcohol was low in both potency and specificity. 

Although most of the homologous activity was in the precipitate obtained 
at pH 5.0 from either dilute or concentrated culture filtrate, the process was 
unwieldy because the precipitate did not settle; large vuiumes had to be centri- 
fuged. To avoid this difficulty, precipitation was effected at a pH 3.8 and the 
solid was then redissolved at pH 8.0 and fractionated from smaller volumes. The 
supernatant solution thus obtained was neutralized and concentrated. Bovine 


? A sample of international standard tuberculin was kindly furnished by the Micro 
biological Institute of the Public Health Service, Bethesda, Maryland 
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skin tests gave the homologous potency and specificity of the material in the 
supernatant solution as 0.1 and 0.2, respectively. This result was confirmed in 
several experiments to assure that the discarded supernatant solution was low 
in potency and specificity. The solid precipitated at pH 3.8 from dilute culture 
filtrate was reprecipitated six times at pH 3.8 to remove as much color as possible. 
In the last reprecipitation the supernatant solution was light yellow. The yield 
of solid was approximately 1.25 gm. per liter of culture filtrate, of which 5.5 
per cent was ash and 16 per cent was nitrogen (ash-water free). 

One method of fractionating the material precipitated at pH 3.8 was to divide 
it into two parts at an intermediate pH level of precipitation and then to divide 
each of these parts into two further fractions. 


TABLE 1 
FRACTIONATION OF CONCENTRATED TuBercLte Cutture 
HyprocHLoric Acip AND ALCOHOI! 


WITH 


YIELD 
or 


NITRO 


YIELDt 


per per cent per cent 


Precipitated at pH 5.0 : 7 
Precipitated from supernatant solution at 

90 per cent alcohol concentration 33.36 22.! 3 31 
Precipitated at pH 4.0 6.22 3! 3.6 12 
Precipitated from supernatant solution at 

90 per cent ohol concentration 30.08 2 5 26 

* Each batch consisted of 7 liters of culture filtrate concentrated tenfol 

t Ash- and water-free basis 

Yield is based on the nitrogen in the original culture filtrate 


> 
§ The potency values were calculated on a nitrogen basis with Bureau of Animal In 


dustry regular tuberculin taken as unit potency 
The specificity is the ratio of homologous to heterologous potency 


Thus, a solution of the material was adjusted to pH 5.0 to precipitate fraction 
1. Adjustment of the supernatant solution to pH 4.5 precipitated fraction 2. Each 
fraction was then dissolved. The solution of fraction 1 was adjusted to pH 5.1 
to precipitate fraction 3, and adjustment of the supernatant solution to pH 
4.7 precipitated fraction 4. Similarly, fraction 2 was divided into fractions 5 and 
6 by precipitating from the solution of fraction 2 at pH 4.82. The amino acid 
analysis of fraction 5 is given in a later section. Bovine skin tests showed that 
most of the more specific material was in the middle fractions, 4 and 5, but 
that none of the fractions was very much more specific than the others 

In a second fractionation, the material precipitated from dilute culture filtrate 
at pH 3.8 was dissolved at pH 8 and precipitated at pH 4.0. The resulting 
precipitate was then recovered and redissolved. Reprecipitations were effected 
at 0.1 pH unit intervals from pH 4.2 to 5.0. Samples of the precipitate and 
supernatant solution at each stage were removed for testing. The results showed 
that the material could be reprecipitated almost quantitatively at pH levels 
up to and including 4.7 and that the material in the supernatant solutions thus 


BOMOLO 
PRACT N AS 
Ficrry] 
SOLID POTENCY) 
sm 
2.5 2.3 
0.5 0.6 
1.4 
0.4 0.6 
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obtained was low in potency. At pH 4.8 most of the activity was still in the pre 
cipitate, but fairly specific material was in the supernatant solution. At pH 5.0, 
most of the activity was in the supernatant solution. 


Fractionation beyond removal of material soluble at pH 4.7 and material 
insoluble at pH 5.2 did not give reproducible results, however, because small 
differences in the procedure yielded fractions which differed somewhat in speci- 
ficity. Furthermore, excessive amounts of active material had to be sacrificed in 
the preparation of more specific materials. Therefore, fractionation with acid was 
used only to concentrate and to purify the protein to some extent. The resulting 
material was then further fractionated by another method as described in a 
later section. 

Fractionation of Bovine Tubercle Bacilli Culture Filtrate 


Tuberculin for intradermic testing is often produced from human-type tubercle 
bacilli cultures because this type grows well and the product gives a positive 
test for both human and bovine tuberculosis. However, for the preparation of a 
material which would be more specific for bovine tuberculosis, it would seem 
more logical to fractionate the product of the bovine-type bacilli. Therefore, the 
following fractionations were carried out. 


Bovine tubercle bacilli*® culture filtrate, at 0° C., was adjusted to pH 4.95 
by the slow addition of concentrated hydrochloric acid during stirring. In con- 
rast to the results obtained at this pH with human-type tubercle bacilli cul- 
ture filtrate, the precipitate settled, leaving a clear supernatant solution. As the 
supernatant solution was further acidified, no precipitate appeared until the 
pH was below 4.4. A second precipitate was taken at pH 3.5. An aliquot of the 
supernatant solution diluted with alcohol to 90 per cent yielded a third solid 
Tests of these fractions, summarized in table 2, show that most of the active 
material was precipitated at pH 4.95 and pH 3.5. The large fraction precipitated 
by adding alcohol to the supernatant solution to 90 per cent was neither potent 
nor specific. The amino acid analysis of the fraction precipitated at pH 4.95 is 
given in a later section 
In a second fractionation of bovine-type tubercle bacilli culture filtrate, the 
total precipitate was taken at pH 3.2 and redissolved (fraction B 2). A sample 
of the supernatant solution was neutralized and then concentrated threefold 
in a vacuum desiccator (fraction B 1). The solution of fraction B 2 was adjusted 
to pH 5.04 and supercentrifuged to separate the solid (fraction B 3). The super- 
natant solution was adjusted to pH 4.32 to precipitate fraction B 4. The solution 
of fraction B 4 was adjusted to pH 4.72 to precipitate fraction B 5. The accom 
panying supernatant solution obtained at pH 4.72 was adjusted to pH 4.32 to 
yield a supernatant solution (fraction B 6) and a precipitate (fraction B 7). 


Bovine skin tests of these fractions, summarized in table 3, show that the 


initial supernatant solution was low in both potency and specificity. Fractiona- 
tion of the material precipitated at pH 3.2 yielded some fractions which were 


fairly potent and specific. 
* This strain, No. 110, was obtained from the Division of Pathology, Ministry of Agri 
culture, Dominion of Canada. 
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Fraction B 7 was further tested on fifty sensitized bovines divided into five 
equal groups. Each group was sensitized to one of the following: M. tuberculosis 
var. hominis; M. tuberculosis var. bovis; M. paratuberculosis; M. tuberculosis 
var. avium; and M. phlei. The potency values for the various sensitizations were 
hominis sensitization, 2.3; bovis sensitization, 7.6; paratuberculosis sensitization, 
1.4; avium sensitization, 1.6; and phlei sensitization, 1.3. The specificity for 


bovine tuberculosis sensitization over paratuberculosis was 5.4. 


TABLE 2 
FRACTIONATION OF 10 LiveRs or Bovine-Type Tupercie Cuiture 


YIELD OF . HOMOLOGOUS 
VIELD IFict 
SOLID POTENCY 


Precipitated at pH 4.95 6.10 
Precipitated at pH 3.5 3.13 
Precipitated from supernatant solution at 90 


l 
2 
3 


per cent aleohol concentration 21.0 


* Yield is based on the nitrogen in the original culture filtrate 


TABLE 3 
FrRAcTIONATION oF 19.5 Liters or Bovine Tupercie CuLture 


HOMOLOGOUS 
POTENCY 


per coms 
B 1. Supernatant solution at pH 3.2 (neutralized 
and concentrated threefold) 93.0 
B 2. Precipitated at pH 3.2 (redissolved 4.3 
B 3. Precipitated at pH 5.04 from solution of B 2 0.33 
84. Precipitated from supernatant obtained at 
pH 4.32 0.80 
B5 Precipitated at pH 4.72 0.65 
B 6. Supernatant at pH 4.32 0.09 
B7. Precipitated at pH 4.32 1.9 


* Yield is based on the nitrogen in the original culture filtrate 


The foregoing fractionations and tests showed that bovine tuberculin could 
be fractionated satisfactorily, but the results did not indicate that a specific 
material could be more readily obtained from the culture filtrate of the bovine- 
type bacilli than from that of the human type. 


Fractionation of Tuberculin from Phenol Solution 


Preliminary trials showed that solid tuberculin fractions could be dissolved in 
phenol and fractionated by the addition of alcohol to yield materials which were 
more specific than BAI regular tuberculin. A typical fractionation was as follows: 


Eighteen grams of an acid-precipitated fraction from human tubercle bacilli 
culture filtrate was sprinkled into 600 gm. of 90 per cent phenol which was being 
stirred. Slow addition of alcohol to the thick, dark brown solution up to 10 per 


132 
per cent 
3.9 10.0 6.2 
2.7 1.9 
5.4 063 0.60 
FILTRATE 
FRACTION VIELD* SPECIFICITY 
0.07 0.6 
3.4 2.6 
6.2 2.5 
0.5 
5.1 6.2 
2.0 0.9 
6.0 6.3 
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cent by weight gave practically no precipitate. Additional alcohol to make the 
concentration 20 per cent by weight yielded a rubbery, black solid, not readily 
soluble in water. More of the rubbery precipitate was obtained when the super- 
natant solution was made up to 25 per cent alcohol. Additional fractions pre- 
cipitated at 30, 35, 43, and 60 per cent alcohol by weight were light tan and 
readily soluble in water. A final fraction was precipitated when the 60 per cent 
alcohol supernatant solution was evaporated to half its original volume and 
then diluted with an equal volume of ether. The numerical values of the specifici- 
ties of these fractions are not given because the heterologous responses were too 
low. However, comparisons made graphically showed that, as the alcohol con- 
centration was increased up to 35 per cent, the heterologous potency of the 
precipitated material became lower. Subsequent fractions showed somewhat 
higher and increasing heterologous potency. Concerning homologous potency, 
there was not much difference among the fractions, except that the material 
precipitated at 35 per cent alcohol concentration was the most potent. 


Since the foregoing fractionation, like the acid fractionation, yielded only 
small fractions of the highest specificity, it seemed desirable to utilize this pro- 
cedure only to the extent of removing the black material precipitated at 25 per 
cent alcohol concentration and the more soluble material which was precipitated 
by ether from the concentrated 60 per cent alcohol supernatant solution. 


Combined Procedure 


The combined procedure devised for the preparation of the most specific 
material was as follows: 


Dilute culture filtrate, pH 9.2, containing 0.71 mg. of nitrogen per ml., was 
adjusted during stirring at 0° C. to pH 3.8 by the dropwise addition of con 
centrated hydrochloric acid. The resulting precipitate was dissolved at pH 8 
and reprecipitated with norma] hydrochloric acid at pH 4.2, 4.4, and 4.6, suc 
sessively. The solution of the final precipitate was adjusted to pH 5.2 and 
supercentrifuged, after which the supernatant solution was adjusted to pH 4.6, 
and the resulting precipitate was recovered and dissolved at pH 8. The pH 8 solu 
tion was dialyzed for thirty-six hours against three one-liter portions of distilled 
water. The dialysate was concentrated for testing. A solid was precipitated from 
the “endo” solution (that remaining within the membrane) at pH 4.5 and 
dissolved. To this solution, aleohol was added to 90 per cent by weight to pre 
cipitate a solid, which was washed with absolute alcohol, then with ether, and 
dried. The yield of dry material was 83 mg. per 100 ml. of original culture. 
Fourteen grams of the solid were sprinkled into 500 gm. of 90 per cent phenol 
with stirring. The phenol solution was diluted with alcohol to 25 per cent by 
weight to precipitate 6.9 gm. of black solid. The supernatant solution was 
adjusted to 60 per cent alcohol by weight to precipitate 5.44 gm. of solid. The 
supernatant solution (60 per cent alcohol) was evaporated in a hood draft to half 
of its original volume and diluted with three times its volume of ether to ob 
tain 0.8 gm. of solid 


The results of bovine skin tests of the fractions, graphed in figure 1, show the 
following: Acid fractionation yielded a material which was more specific than 


134 JONES, LARSEN, VARDAMAN, AND BAISDEN 


BAI regular tuberculin. The dialysate obtained in the fractionation was low in 
potency and was much less specific than regular tuberculin. Precipitation of the 
acid fraction from phenol by the addition of alcohol yielded the most specific 
material at 60 per cent alcohol; 6 per cent yield based on the nitrogen present in 
the original culture filtrate. Therefore, the three-step process consisting of acid 
fractionation, dialysis, and fractionation of the protein from phenol yielded a 
material which was more specific by high significance than BAI regular tuberculin. 
These results were confirmed in additional experiments. 


TABLE 4 


Amino Acitp Content or Two Tupercutin FRACTIONS 


ressed as Per Cent of Total Nitrogen in the Form of the Amino Acid 


ace HUMAN TUBERCULIN BOVINE TUBERCULIN 
FRACTION® FRACTION? 


per cent 


Alanine 
Aspar atic acid 
Arginine 
Cystine 
Glutami« 
Glycine 
Histidine 
Isoleu 
Leuci 
Lysine 
Methi 
Phenyla 
Proline 
Serine 
Threonine 
Tryptopt 
Tyrosine 


Valine 
Total 


* Nitrogen, 16.4 per cent 
t Nitrogen, 13.7 per cent 


Amino Acid Content of Two Tuberculin Fractions 


During the course of the work on the fractionation of tuberculin, two fractions 
were analyzed for amino acids. Although the fractions chosen were not the most 
potent and specific, they were the best available at the time the analyses were 
initiated. The results are presented here mainly because of the paucity of such 
data for tuberculin in the literature; only two papers on this subject were found 
(14, 15). 

The human tuberculin fraction analyzed was fraction 6 referred to in the 
sixth paragraph under Fractionation with Hydrochloric Acid (above). The solid 
precipitated from tubercle bacilli culture filtrate at pH 3.8 had been dissolved 
and the solution fractionated at pH 5.0. The precipitate obtained at pH 5.0 had 


per cent 
13.2 9.2 
7.9 8.0 
15.9 15.6 
0.2 0.3 
8 0 
7.7 8.1 
3.5 
6 135 
6.3 6.3 
6.0 t.1 
1.2 1.3 
2.1 2.2 
t.1 
1.3 3.1 
3 5 
1.4 1.7 
1.8 1.6 
2 7 5 4 
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been redissolved and the solution adjusted to pH 5.1. After removal of the pre- 
cipitate, the supernatant solution had been adjusted to pH 4.7 to precipitate 
the fraction analyzed. 

The bovine tuberculin fraction analyzed was the one precipitated in the first 
experiment on the fractionation of bovine-type culture filtrate upon adjusting 
the culture filtrate to pH 4.95 (fraction 1, table 2). 

Amino acids were determined microbiologically except that tryptophan was 
determined colorimetrically. The procedure is outlined by Spies and co-workers 
(16). The results are given in table 4. 


DISCUSSION 


On the assumption that the tuberculin skin test involves an allergen-antibody 
reaction in which the allergen is a protein produced by the tubercle bacilli, 
alteration of the specificity of the tuberculin may be attempted in two ways. 
In the first, it may be assumed that certain functional groups of the protein react 
with the various species of antibodies. Thus, a certain group may give the homol- 
ogous reaction while other groups give heterologous reactions. On this hypothe- 
sis, alteration of specificity may be attempted by physical or chemical treatment 
in the hope of quenching the heterologous activity accompanied by little or no 
impairment of the homologous activity. Experiments based on this idea have 
been reported by Green (17) in England and also by Baisden and co-workers in 
this country (9). Although the results of such treatments have so far not been 
entirely successful, the large number of possible treatments make it premature 
to reject the hypothesis on which such experiments are based. 

A second hypothesis upon which attempts at alteration of specificity may be 
based .is that there may be several proteins in tuberculin, each of which has a 
certain potency with respect to the various sensitizations. Thus, one protein may 
have a high reactivity on a tuberculin sensitization, a medium potency on a johnin 
sensitization, and practically no reactivity on, say, a phlein sensitization, while 
another may have very low reactivity on all sensitizations except tuberculin. 
Hence, on the basis of this hypothesis, favorable alteration of specificity may be 
attempted by fractionating the tuberculin proteins. 

The work herein reported was based on the second hypothesis. Several frac- 
tionation procedures have been combined in order to prepare a material of high 
tuberculin potency and relatively low heterologous potency. Thus, precipitation 
at various pH levels was used to prepare fractions of fairly high specificity but, 
when this procedure was extended to the separation of many fractions, the results 
became somewhat erratic in terms of the specificities of the fractions and the 
yields diminished to the vanishing point. Therefore, fractionation with acid was 
utilized only to separate and partially purify the active material. Dialysis was 
then utilized to remove much nonspecific material. Final fractionation was effec- 
ted by precipitation of the most specific material from phenol solution by the 
addition of alcohol. The combined procedure consists of three steps, each of 
which contributes something to the purification of the protein. 


‘ These analyses were carried out by Mrs. D. C. Chambers, Bureau of Agriculture and 
Industrial Chemistry, Allergy Division 
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Field tests on herds having Johne’s disease but free of tuberculosis are now 
necessary to determine whether the resulting fraction is sufficiently specific 


for practical use. 
SUMMARY 

On the basis of bovine skin tests carried out on animals sensitized to heat- 
killed tubercle bacilli (Mycobacterium tuberculosis) and to heat-killed Johne’s 
bacilli (M. paratuberculosis), certain fractions prepared from tubercle bacilli 
culture filtrate were more specific than Bureau of Animal Industry (BAI) 
regular tuberculin. The most specific fraction was prepared by a three-step proc- 
ess. (1) The culture filtrate was fractionated by acidification to remove material 
soluble at pH 4.7 and insoluble at pH 5.2. (2) Dialysis of the acid-precipitated 
fraction thus prepared left most of the active material in the “endo”’ solution; 
the dialysate contained nonspecific material. (3) The “endo” solution was treated 
with alcohol, and the precipitate thus formed was dissolved in 90 per cent phenol 
and fractionated by the addition of alcohol. 

At 60 per cent alcohol a fraction was obtained which was even more specific 
than the acid-precipitated fraction. This fraction, amounting to 6 per cent based 
on the nitrogen in the original culture filtrate, was more specific to a high degree 
of significance than was the BAI regular tuberculin. 

Amino acid compositions were determined of two fractions—one isolated from 
human-type tubercle bacilli culture filtrate and the other from bovine-type 
tubercle bacilli culture filtrate. 


SUMARIO 


Estudios de la Fraccionacién de la Tuberculina y la Johnina: I. Fraccionacién de las Proteinas 
de la Tuberculina 


De acuerdo con las cutirreacciones bovinas ejecutadas en animales sensibilizados a 
bacilos tuberculosos (Mycobacterium tuberculosis) matados al calor y a bacilos de Johne (M 
paratuberculosis) matados al calor, ciertas fracciones preparadas de filtrados de cultivos de 
bacilos tuberculosos fueron mds especificas que la tuberculina regular de la Oficina de In 
dustrial Animal de los E. U. A. La fraccién mds especffica fué preparada con un procedi 
miento de tres tiempos: (1) Se fraccioné el filtrado del cultivo por acidificacién para eliminar 
las materias solubles a un pH de 4.7 e insolubles a un pH de 5.2. (2) La didlisis de la fraccién 
precipitada con Acido y preparada en dicha forma dejé la mayor parte de las materias activas 
en la solucién de endo; el dializado contenfa materias anespecfficas. (3) Se traté la solucién 
de endo con alcohol y el precipitado asf formado fué disuelto en 90 por ciento de fenol y 
fraccionado por la adicién de alcohol. Con 60 por ciento de alcohol, se obtuvo una fraccién 
aun mds especifica que la precipitada con Acido. Esa fraccién, que representaba 6 por ciento 
a base del nitrégeno del filtrado del cultivo primitivo, fué mds especitica, en grado significa 
tivo, que la tuberculina regular de la Oficina de Industria Animal 

Se determiné la composicién en amino-fcidos de dos fracciones: una aislada de! filtrado 
del cultivo de bacilos tuberculosos de tipo humano y la otra del filtrado del cultivo de 


bacilos tuberculosos de tipo bovino 
RESUME 
Etudes sur le fractionnement de la tuberculine et de la johnine: I. Fractionnement des protéines 
de la tuberculine 


En accord avec les tests cutanés bovins effectués sur des animaux sensibilisés au bacille 
tuberculeux tué par la chaleur (Wycobactérium tuberculosis) et au bacille de johne tué par la 
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chaleur (V1. paratuberculosis), certaines fractions préparées A partir du filtrat de cultures 
de bacilles tuberculeux étaient plus spécifiques que la tuberculine ordinaire du Bureau of 
Animal Industry. La fraction la plus spécifique était préparée par un procédé en trois temps 
(1) Le filtrat de culture était fractionné par acidification pour extraire la matiére soluble a 
pH 4,7 et insoluble & pH 5,2; (2) la dialyse de la fraction précipitée par l’acide ainsi préparée 
laissait la plus grande partie de la substance active dans |’endo-solution; le dialysat con 
tenait la substance non-spécifique; (3) l’endo-solution était traitée par l’alcool et le pré 
cipité ainsi formé était dissous dans le phénol a 90% et fractionné par addition d’alcool 
Lorsque le taux d’alcool était de 60%, on obtenait une fraction qui était encore 
plus spécifique que la fraction précipitée par l’acide. Cette fraction qui représentait 6%, en 
prenant pour base l’azote contenu dans le filtrat de la culture initiale, atteignait un degré 
de spécificité considérablement plus élevé que la tuberculine ordinaire du Bureau of Animal 
Ind istr 

L’aminoacide a été déterminé dans deux des fractions, l’une isolée d’un filtrat de culture 
de bacilles tuberculeux, type humain, et l’autre d’un filtrat de cultures de bacilles tuber 


culeux, type bovin 
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INTRODUCTION 


Experiments were described in the first paper of this series (1) which culmi- 
nated in a three-step process for the preparation of a tuberculin fraction which 
was more specific according to skin tests on artificially sensitized cows than the 


intrademic tuberculin (BAI regular tuberculin) used in official testing by the 
Bureau of Animal Industry. The present paper concerns extraction of aqueous 
solutions of tuberculin proteins with phenol. The materials and the methods of 
testing fractions are presented in the previous report (1). 


OBSERVATIONS 


The materials obtained by phenol extraction and subsequent fractionation 
were compared for potencies with regular BAI tuberculin in skin tests made on 
10 cattle sensitized to Mycobacterium tuberculosis var. bovis and on 10 cattle 
sensitized to Mycobacterium paratuberculosis. The responses as measured by in- 
creases in skin thickness resulting from the injection of four concentrations of 
each material were related to the log of the nitrogen contents of the materials so 
that the nitrogen content could be estimated, which would give a selected re- 
sponse. From these estimations the comparative potencies of unknowns and the 
regular tuberculin could be obtained on the two sensitizations. 


Countercurrent Extraction 


The fact that the active material precipitated from tubercle bacilli culture 
filtrate by hydrochloric acid was soluble in phenol as well as water suggested the 
possibility of fractionation by means of countercurrent extraction between water 
and phenol. The main difficulty in such a procedure was the formation of stable 
emulsions; the protein apparently acted as an emulsifying agent. However, 
centrifugation for two or more hours at approximately 5° C. separated the 
layers, which became clear on standing for a few minutes at room temperature 


To prepare a sample for countercurrent extraction, tubercle bacilli culture 
filtrate was adjusted during stirring at 0° C. to pH 3.8 by the slow addition of con- 
centrated hydrochloric acid. The next day the precipitate was recovered, dis 
solved at pH 8.0, and reprecipitated at pH levels 4.0, 4.4, and 4.7. The resulting 


' From the Allergen Research Division, Bureau of Agricultural and Industrial Chemis 
try, and the Pathological Division, Bureau of Animal Industry, Agricultural Research 


Administration, U. 8. Department of Agriculture, Washington 25, D. C.; and the Regional 
Animal Disease Research Laboratory, Bureau of Animal Industry, U. S. Department of 
Agriculture, Auburn, Alabama 
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solid was dissolved at pH 8.0 and the solution was supercentrifuged at pH 5.2 
The supernatant solution was neutralized and then dialyzed for forty-eight hours 
against several changes of distilled water, after which the “endo” solution (that 
remaining inside the membrane) contained 9.8 per cent of the nitrogen present 
in the original culture filtrate. 

A 100-ml. sample of the “endo” solution was cooled to 5° C. and then shaken at 
intervals of 0.5 hour with 100 ml. of cold 90 per cent phenol in tube 0, aqueous end, 
after which the layers were separated by centrifugation for two hours at 5°C. 

After the tube had stood for a few minutes, the clear, dark brown lower phenol 
layer was moved to tube 1. Fresh 90 per cent phenol was added to the aqueous 
layer remaining in tube 0 and fresh water was added to the phenol layer in tube 
1. After mixing thoroughly, the mixtures were centrifuged and the lower layers 
moved again. Countercurrent extraction was thus effected with four tubes. The 
lower layer of tube 0 and the upper layers in tubes 2 and 3 were colorless. Each 
of the eight layers was separated, frozen, and stirred with nine volumes of 
absolute alcohol and a few drops of normal hydrochloric acid. Significant 
quantities of precipitate were obtained only from the upper layer of tube 0 


TABLE 1 


COUNTERCURRENT FRACTIONATION OF AN Actp PrecipiTaTep Fracrion or TUBERCULIN 


os NITROGEN YIELD, HOMOLO 
FRACTION a CONTENT NITROGEN Gous SPEcIFiciry*® 
; OF SOLID BASIS POTENCY® 


me per cont per cent 
Aqueous end 350 12.8 all 
Phenol end 700 14.6 16.0 


* The homologous potency was calculated on a nitrogen basis from tests on sensitized 
cows with BAI regular tuberculin taken as unit potency and specificity. The specificity 
is the ratio of the homologous to the heterologous potency 


(aqueous end) and from the lower layer of tube 3 (phenol end). Therefore, the 
extraction separated two rather distinct materials, one of which remained in 
the aqueous layer even after several extractions with phenol, while the other 
remained in the phenol layer even after several extractions with water. 


Yields and results of skin tests with the two main fractions on sensitized cattle 
are summarized in table 1. The data show that the extraction separated a non- 
specific material in the aqueous end from a fairly specific material in the phenol 
end. 

Extraction of Tuberculin with Phenol 


Although countercurrent extraction separated a nonspecific from a fairly 
specific material, the yields based on the nitrogen in the original culture filtrate 
were low because an acid-precipitated fraction was prepared before the counter- 
current fractionation was begun. Since the phenol-extracted material was the 
more specific, it seemed advisable to extract culture filtrate with phenol directly. 


For this purpose, 35 liters of culture filtrate were evaporated to 3.5 liters in a 
vacuum evaporator and then dialyzed for two days against running tap water. 
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The “endo” solution was concentrated to 3.5 liters again, passed through a 
Sharples continuous supercentrifuge twice, and filtered through a K 5 pad in 
a Seitz filter. The filtrate contained 39 per cent of the nitrogen in the original 
culture filtrate. 

A 2-liter sample of the filtered solution (fraction 0) was extracted successively 
with three portions of phenol; 500, 300, and 200 ml. measured as 90 per cent 
phenol, the layers being separated by centrifugation. The aqueous residue was 
washed with ether, concentrated in a vacuum still, and diluted with alcohol to 90 
per cent concentration by weight, whereupon 31.52 gm. of solid were obtained 
(fraction 1). The yield was 17 per cent, based on the nitrogen in the concen- 
trated “‘endo”’ solution. 

The combined phenol extract was frozen and stirred with nine volumes of 
absolute alcohol and a few drops of normal hydrochloric acid. The resulting 
precipitate, after being washed with alcohol and with ether and dried, weighed 
22.2 gm., the yield being 32 per cent, based on the nitrogen in the concentrated 
“endo” solution. The solid was dissolved in water and reprecipitated at pH 4.0. 
It was redissolved and the solution was supercentrifuged at pH 5.4. The pre- 


TABLE 2 
HomoLocous PoTeENcies AND SPECIFICITIES OF FRACTIONS PREPARED FROM TUBERCULIN 
BY EXTRACTION WITH PHENOL 


HOMOLOGOUS POTENTY SPECIFICITY 


0.64 
0.11 


0. Concentration “‘endo”’ solution 

1. Aqueous residue after extraction with phenol 

2. Material removed from phenol extract on frac 
tionation with hydrochloric acid 


3. Phenol extract after fractionation with hydro- 


chlorie acid 6.5 


cipitate was dissolved for test (fraction 2). The supernatant solution was adjusted 
to pH 7.0, yield 8 per cent based on the nitrogen in the original culture filtrate 


(fraction 3). 


The results of the tests, given in table 2, show that extraction of aqueous 
tuberculin proteins with phenol left a nonspecific material in the aqueous residue 
(fraction 1). Furthermore, fractionation of the material in the phenol extract by 
precipitation with acid removed some material which was neither potent nor 
specific (fraction 2). The main fraction (fraction 3) obtained from the phenol 
extract was more potent and more specific, to a high degree of significance, than 
BAI regular tuberculin. That phenol extracted the more specific material from 
an aqueous solution of tuberculin proteins was confirmed in experiments involv- 
ing phenol extraction of dilute and of concentrated tubercle bacilli culture filtrate, 
as well as concentrated “endo” solution of tuberculin proteins. 


DISCUSSION 


In this and a previous paper, four methods which are useful for the fractiona- 
tion of tuberculin proteins are described. Each of these methods yields some 


FRACTION 
2.1 
0.36 1.1 


142 JONES, LARSEN, VARDAMAN, AND BAISDEN 


fractions that are more specific than BAI regular tuberculin. The methods are: 
(1) fractional precipitation at various pH levels by addition of hydrochloric 
acid; (2) fractional precipitation by the addition of alcohol to a phenol solution 
of tuberculin proteins; (3) dialysis to remove small molecules; and (4) phenol 
extraction of the active material from aqueous solution of tuberculin proteins. 

Of these four methods, the first two differ from the second two in that the 
former are fractional precipitations. In this type of fractionation the fractions 
obtained have similar properties, differing from the preceding or subsequent 
ones only in degree. The fractionation is not necessarily sharp, and usually the 
successive fractions exhibit a gradation in properties from one to the other. These 
methods yield some fractions which are significantly more specific than the con- 
trol but none which is significantly less specific. 

On the other hand, the latter two methods, dialysis and extraction with phenol, 
gave a much sharper fractionation in that the fractions obtained differed mark- 
edly in properties. Each of these methods gave two fractions, one of which was 
more specific than BAI regular tuberculin while the other was less specific. 
Obviously, the latter procedures are the more efficient, but the former are also 
useful for the removal of a certain amount of material which is not very specific. 
The combination of the four procedures has been used in order to prepare mate- 
rial in reasonable yields for field tests. 


SUMMARY 


Countercurrent fractionation between water and phenol of an acid-precipitated 
fraction prepared from tubercle bacilli culture filtrate yielded a nonspecific 
material in the aqueous end of the system and a fairly specific protein in the 
phenol end. Specificity was determined by skin tests on cattle sensitized with 
M. tuberculosis var. bovis or with related acid-fast bacilli. 

Tubercle bacilli culture filtrate, which had been concentrated and dialyzed, 
was extracted with phenol. The active material was precipitated from the phenol 
extract by alcohol and then dissolved in water and fractionally precipitated by 
hydrochloric acid. The fraction which was insoluble at pH 4.0 and soluble at 
pH 5.4 was more potent and more specific, to a high degree of significance, than 
Bureau of Animal Industry regular tuberculin. The yield was 8 per cent, based 
on the nitrogen in the original culture filtrate. 


SUMARIO 


Estudios de la Fraccionacién de la Tuberculina y la Johnina: I]. Extraccién con Fenol de las 


Proteinas de la Tuberculina 


La fraccionacién contra-corriente entre el agua y el fenol de una fraccién precipitada con 
Acido de un filtrado de cultivo de bacilos tuberculosos dié una substancia anespecffica en el 
extremo acuoso de la combinacién v una proteina bastante especffica en el extremo fendlico 
La especificidad fué determinada por medio de cutirreacciones en bovinos sensibilizados con 
VW. tuberculosis var. bovis o con bacilos Acidorresistentes afines. 

kl filtrado de cultivo de bacilos tuberculosos, que habia sido concentrado y dializado, fué 
extraido con fenol. Las materias activas fueron precipitadas con alcohol del extracto fendlico 


y luego disueltas en agua y precipitadas fraccionadamente con dcido chorhfdrico. La frac 
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cion insoluble a un pH de 4.0 y soluble a un pH de 5.4, fué mds potente y mas especifica, en 
ue la tuberculina regular de la Oficina de Industria Anima 


| de los 


forma muy signifcativa, q 
r ciento a base del nitr weno contenido en e! 


FE. U. A. El rendimiento representé 8 por primi 


tivo filtrado del cultivo 


RESUME 
Etudes sur le fractionnement de la tuberculine et de la johnine: IT. Extraction des protéines de 
la tuberculine par le phénol 


Inversement, le fractionnement entre l’eau et le phénol d’une fraction obtenue par pré 
cipitation acide préparée A partir d’un filtrat de culture de bacilles tuberculeux a donné 
une substance non spécifique & la fin de la phase aqueuse du systéme et une protéine de 
spécifité moyenne A la fin de la phase phénol. La spécifité était déterminée par des tests 
cutanés sur des bovins sensibilisés au M. tuberculosis var. bovis ou avec des bacilles ap- 
parentés acido-résistants. 

Le filtrat de cultures de bacilles tuberculeux était extrait par le phénol aprés concer 
tration et dialyse. La substance active était précipitée par l’alcool A partir de l’extrait 
phénolique, puis dissoute dans l'eau et précipitée, par fractions avec l’acide chlorydrique 
La fraction insoluble au pH 4 et soluble au pH 5, 4 avait un degré d’activité et de spécificité 
considérablement plus marqué que la tuberculine réguliére du Bureau of Animal Industry 
Le rendement était de 8%, en prenant comme base I’azote du filtrat de la culture ori- 


ginale. 
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INTRODUCTION 


Procedures similar to those reported in the first two papers of this series (1, 2) 
for the preparation of fairly specific tuberculin fractions have been applied to 
Johne’s bacilli culture filtrate. This was done in order to concentrate the active 
material and then fractionate from the concentrate a material more specific than 
the intradermic-strength johnin (BAI regular johnin) now used by the Bureau 
of Animal Industry. However, some of the methods used with tuberculin proteins 
were not applicable to johnin proteins because most of the active material in 
the latter is not precipitated on addition of hydrochloric acid. Various other 
procedures were tried, such as precipitation with acid and alcohol, phosphotungs- 
tic acid, and picric acid, but the results were unsatisfactory because the material 
precipitated was obtained in small yields and was not more specific than BAI 
regular johnin. More successful results are reported in the present paper. The 
method of testing fractions is given in the first paper of this series (1). In brief, 
it consisted of making comparative skin tests of fractionated johnins and regular 
BAI johnin, each at four levels of nitrogen concentration, on 10 cattle sensitized 
to Mycobacterium paratuberculosis and on 10 cattle sensitized to Mycobacterium 
tuberculosis var. bovis. The responses were related to the logs of the nitrogen con- 
centration and the comparative potencies of an unknown and the regular 
johnin on each of the two sensitizations estimated from the concentrations re- 
quired to produce a given response. 


OBSERVATIONS 
Fractionation Procedures 


Precipitation from solution in phenol: Johne’s bacilli culture filtrate was con- 
centrated fivefold in a vacuum desiccator and made to 90 per cent alcohol. 
The precipitate thus formed was recovered by centrifugation, washed with 
alcohol and ether, and dried. The solid, which contained 6 per cent nitrogen 
and represented 38 per cent of the nitrogen in the original culture filtrate, was 
ground and then sprinkled into 100 gm. of 90 per cent phenol which was being 
stirred. After being stirred for two hours, the phenol solution was centrifuged, 
and the material insoluble in phenol was recovered and dissolved in water. 


! From the Allergen Research Division, Bureau of Agricultural and Industrial Chemis- 
try, and the Pathological Division, Bureau of Animal Industry, Agricultural Research 
Administration, U. 8. Department of Agriculture, Washington 25, D. C.; and the Regional 
Animal Disease Research Laboratory, Bureau of Animal Industry, U. S. Department of 
Agriculture, Auburn, Alabama. 
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The phenol solution was fractionated by the addition of aleohol and ether to 
obtain three precipitates: (1) precipitated at 30 per cent alcohol by weight; 
(2) precipitated after further addition of alcohol to 60 per cent by weight; 
and (3) precipitated after dilution of the supernatant 60 per cent alcohol solu 
tion with one volume of ether. The yields and results of tests on sensitized cows 
are given in table 1. 


These data show that the material precipitated on making the concentrated 
filtrate to 90 per cent alcohol was fractionated to yield first a fairly potent but 
not particularly specific material which was insoluble in phenol. The phenol- 
soluble part was then separated into three fractions which were less potent but 
more specific than BAI regular johnin. The fraction precipitated at 60 per cent 
alcohol concentration was the most specific. 


TABLE 1 


Homo.ocous Potency AND Speciriciry oF Some JOHNIN FRACTIONS PREPARED FROM 


THE SOLID PRECIPITATED FROM CONCENTRATED JOHNIN AT 9) Per Cent ALCOHOI 


HOMOLOGOUS 


POTENCYt 


FRACTIONS OBTAINED FROM PHENOL SOLUTION YIELD* 


per cent 
Material insoluble in phenol 
First precipitate on adding alcohol to 30 per cent 
concentration) 
Second precipitate (on increasing concentration of 
alcohol to 60 per cent) 
Third precipitate (on adding equal volume of ether 
to 60 per cent alcohol solution) 6 


* The vield is based on the nitrogen in original culture filtrate 
t The homologous potency and specificity are the values on a nitrogen basis compared 


with those for BAI regular johnin taken as unit potency ind sper ifie ity 


Dialysis: Dialysis, previously found valuable for removing inactive material 
from tubercle bacilli culture filtrate, was also useful for the purification of Johne’s 
bacilli culture filtrate. This was shown by concentrating 19 liters of Johne’s 
bacilli culture filtrate in a hood draft to 1,440 ml. of thick solution and dialyzing 
the concentrate for a week against eight 2-liter portions of distilled water. Both 
the dialyzate and the ‘‘endo”’ solution (solution inside the membrane) were then 
concentrated for testing. The results, summarized in table 2, show that dialysis 
of concentrated johnin separated a fairly inactive material in the dialyzate from 
the more potent material in the “endo” solution. 

Countercurrent extraction of johnin proteins: Since countercurrent extraction 
of tuberculin fractions separated a less specific from a more specific material (2), 
this procedure was applied to the fractionation of Johne’s bacilli culture filtrate 


For this experiment 26 liters of Johne’s bacilli culture filtrate were passed 
through a continuous supercentrifuge to remove bacilli and dross and then 
were concentrated in a vacuum evaporator to 3 liters. The concentrated solu- 
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tion was dialyzed for two hours against several changes of distilled water while 
the bag was moved at intervals to expedite dialysis. The resulting “endo” 
solution was then concentrated to 2.5 liters and further dialyzed for three days 
against several changes of distilled water. The “endo” solution was filtered 
through a K 7 pad and then through a sterilizing pad in a Seitz filter. The 
filtrate was evaporated to 1 liter and dialyzed overnight, after which time the 
“endo” solution contained 17 per cent of the nitrogen in the original culture 
filtrate 

A sample of the “endo”’ solution was fractionated by countercurrent extraction 
with phenol. Thus, in tube 0, the sample was extracted with phenol and the 
lower (phenol-rich) layer transferred to tube 1 which contained an equal volume 
of water. Fresh 90 per cent phenol was added to tube 0 and the contents of 
both tubes were stirred. After centrifugation, the lower layer of tube 1 was 
moved to tube 2 and that from tube 0 to tube 1, and fresh phenol was added 
to tube 0. This process was extended to nine tubes. The emulsion obtained 
on mixing the aqueous and phenol layers was resolved into two layers by centri- 


TABLE 2 
Homo .ocous PoTency AND Spectricity oF THE DIALYSATE AND 
SotuTion Preparep By Diatysits or CONCENTRATED JOHNE’S 


Bacttur Cuutrure 


HOMOLOGOUS 
POTENCY 


YIELD* SPECIFIC! 


per cent 
34 13.0 
66 0.5 


Endo” solution 


Dialysate 


* The yield is based on the nitrogen in the original culture filtrate 


fuging (2,500 G) for approximately two hours at 4° C., after which the layers 
became clear on standing at room temperature for a short time. Taking the 
nitrogen in the sample subjected to countercurrent fractionation as 100 per 
cent, the nitrogen distribution in the aqueous layers from tube 0 to tube 8 was as 
follows: 25, 16, 8.9, 5.9, 3.2, 1.9, 1.1, 0.95, and 0.75 per cent—total in aqueous 
layers, 63.7 per cent. The entire content of each tube was then dialyzed to remove 
the phenol. The resulting “endo” solutions contained a total of 26 per cent of the 
nitrogen in the original sample. The distribution of nitrogen from tube 0 to 
tube 8 was: 22.5, 11.1, 8.4, 6.5, 5.1, 4.3, 5.3, 9.9, and 26.9 per cent. Therefore, 
the separation of two fractions appeared to be quite sharp. The “‘endo”’ solu- 
tions from tubes 0 to 4 (aqueous end) were combined and concentrated for 
testing. Likewise, the “endo” solutions from tubes 5 to 8 (phenol end) were 
combined and concentrated for testing. 
Bovine skin tests gave the following results: 


‘ 


HOMOLOGOUS 
POTENCY 


SPECIFICITY 


Aqueous end 
Phenol end 
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Countercurrent extraction, therefore, yielded a more potent but less specific 
material in the aqueous end and a less potent but more specific material in the 
phenol end. 


A modified countercurrent extraction through four tubes was carried out in 
which the upper layer in each tube was concentrated Johne’s bacilli culture 
filtrate rather than water. On separation and dialysis of the layers, only 14 
per cent of the original nitrogen was recovered. Of the nitrogen recovered, the 
distribution in the “‘endo”’ solutions from the upper layers was as follows (from 
tube 0 to tube 3): 7.3, 9.4, 10.4, and 13.5 per cent. The corresponding figures 
for the “‘endo”’ 
cent. Therefore, the first extraction removed most of the nitrogen which could 


solution from the lower layers were: 0.8, 2.1, 6.9, and 49.8 per 


be extracted by phenol. The “endo” solution from the lower layer of the fourth 
tube was concentrated and tested. Its homologous potency was 0.8 and its 
specificity was 1.3. 


TABLE 3 
Potency AND SpeciFiciry oF CONCENTRATED JOHNIN BEFORE AND AF 
EXTRACTION WITH PHENOI 


- 


SAMPLE 


Concentration of johnin ‘“‘endo”’ solution 
First portion extracted with phenol 
Second portion extrac ted with same phenol 
Third portion extracted with same phenol 
Fourth portion extracted with same phenol 


tecovered from phenol extract 


In a variation of countercurrent extraction in which a minimum amount of 
phenol was used, four 100 ml. portions of concentrated johnin were extracted 
successively with one 100 ml. portion of phenol. The aqueous layers were then 
washed with toluene to remove phenol while the phenol layer was frozen and 
stirred with 9 volumes of absolute alcohol containing a few drops of normal 
hydrochloric acid. The resulting precipitate was recovered and dissolved in 
water. The proportion of nitrogen remaining :'. each of the four aqueous residues 
was (from the first to the fourth): 50.3, 60.8, 75.2, and 76.3 per cent. The over 
all recovery of nitrogen was 80.5 per cent, of which five-sixths were in the aqueous 
solutions while one-sixth was recovered from the portion of phenol. 


The results of these experiments are tabulated in table 3. As may be seen, a 


comparatively small amount of phenol results in the extraction of most of the 


more specific material from aqueous johnin. 

Extraction of culture filtrate with phenol: Since the various countercurrent pro- 
cedures effected separation of a more specific material from Johne's bacilli culture 
filtrate, a simple extraction was carried out, after which the phenol extract was 
fractionated by the addition of alcohol. 


For this purpose 910 ml. of a concentrated “endo” solution of Johne’s bacilli 
culture filtrate were extracted with three 200 ml. portions of phenol. The aqueous 


HOMOLOGOUS 
POTENCY SPECIFICITY 
0.63 0.70 
0.11 0.10 
0.13 0.11 
0.12 0.15 
0.12 0.18 
0.43 1.1 
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residue, after being washed with ether, contained 79 per cent of the nitrogen 
in the original sample. The combined phenol extract was diluted with absolute 
alcohol while being stirred, but no precipitate appeared until the alcohol con- 
centration was more than 30 per cent by weight. The first fraction of precipitate 
was taken at 50 per cent alcohol concentration by weight. This dark brown solid 
was washed first with alcohol, then with ether, dried, and dissolved; the yield 
was 3.5 per cent, based on the nitrogen in the original sample. The supernatant 
50 per cent alcohol solution was made up to 80 per cent alcohol to obtain a second 
fraction, a brown, flocculent precipitate, which after being washed, dried, and 
dissolved accounted for 7.1 per cent of the nitrogen in the original sample. 


The results of this fractionation are given in table 4. Here again the more spe- 
cific material was extracted from johnin by phenol and, in this experiment, the 
extract was fractionated to yield at 80 per cent alcohol concentration a fraction 
which was considerably more specific than BAI regular johnin. 


TABLE 4 
Homotocous Potency Speciriciry oF JoHNIn Artrer EXTRACTION wItTH PHENOL 


AND OF THE FRaAcTIONS PREPARED FROM THE PHeNoL Extract 


HOMOLOGOUS 


POTENCY SPECIFICITY 


Aqueous residue after extraction with phenol 0.11 0.09 


Precipitated from phenol extract at 50 per cent alcohol 
0.48 0.34 


concentration 
Precipitated from supernatant at 80 per cent alcohol con- 
centration 1.9 3.2 


DISCUSSION 


In previous papers the need for a more specific tuberculin was pointed out. 
The main point concerning tuberculin is that the BAI regular tuberculin cur- 
rently in use, although being a uniform product prepared by a fairly simple pro- 
cedure, cross-reacts with some heterologously sensitized animals. With regular 
johnin, prepared by essentially the same procedure as regular tuberculin except 
for the use of the proper organism, there is a lack of uniformity in addition to 
some of the undesirable cross-reactivity. That regular tuberculin is more uniform 
than regular johnin may be a result, at least in part, of the fact that the former 
is prepared on a larger scale, more flasks being pooled in the final product than 
in the production of the latter. Also the nonuniformity may be due to a difference 
in the amount of lysis which occurs in different batches of culture. A small pellicle 
of bacteria is planted in each flask; as multiplication occurs, some bacteria lyse, 
and in consequence the medium becomes enriched in the allergenic protein. Al- 
though the weight of dry bacteria is usually taken as the measure of growth, it is 
obvious that this may be quite unrelated to the amount of allergen in solution 
because the latter depends on the amount of lysis which takes place. Johne’s 
bacilli cultures give greater yields of dry bacteria than M. tuberculosis, but the 
yield of protein material in the culture filtrate is far greater in the latter. There- 
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fore, simple concentration of the culture filtrate of M. paratuberculosis yields a 
rather nonuniform product because the product is prepared in small batches and 
the major part of the allergenic protein remains in the unlysed bacteria; a small 
change in the amount of lysis would make a great difference in the amount of 
protein in the relatively dilute protein solution. Hence, it is important in the 
preparation of johnin, even more than in the preparation of tuberculin, to purify, 
at least to some extent, the active material. 

Of the procedures found useful in the preparation of a more specific tubercu- 
lin, several were found to be applicable to the preparation of a more specific 
johnin. However, fractionation by the addition of acid, which was so useful in 
the preparation of tuberculin, was not applicable in the fractionation of johnin. 
Therefore, the dilute culture filtrate was simply concentrated in a vacuum evap- 
orator. The concentrate was then freed of small molecules by dialysis, and the 
“endo” solution was further concentrated prior to extraction with phenol. The 
use of fairly small volumes at this point facilitates the centrifugation and also 
decreases the amount of phenol required. On extraction of the aqueous solution 
with phenol, most of the nitrogen is left in the aqueous residue, but the more 
specific material is in the phenol extract. The active material can then be frac- 
tionated from the phenol extract by the addition of alcohol. The fraction precipi- 
tated at 50 per cent alcohol concentration is neither potent nor specific, but the 
second fraction, obtained at 80 per cent alcohol concentration, is more potent 
and more specific than BAI regular johnin. The yield of the more specific material 
is approximately 2.5 per cent, based on the nitrogen in the original culture filtrate. 
Although this yield appears to be very low, the greater part of the nitrogen lost 
was inactive or nonspecific material separated in the dialysis and extraction. 

Since the best johnin fraction prepared was shown to be more specific than 
BAI regular johnin by tests on the skin of cattle artificially sensitized to M. tuber- 
culosis and cattle sensitized to M. paratuberculosis, the fraction must now be 
tested on naturally sensitized animals in order to verify the enhanced specificity 
and also to determine whether the material is sufficiently specific for use in 


diagnostic work. 
SUMMARY 


The procedures utilized in the preparation of a more specific tuberculin have 
been applied to the preparation of a more specific johnin. Fractionation by the 
addition of acid is not applicable to johnin. A more specific johnin was prepared 
by the following steps: (/) concentration of the dilute culture filtrate; (2) dialy- 
sis; (3) extraction of the “‘endo”’ solution with phenol; and (4) fractionation of 
the phenol extract by the addition of alcohol, reserving the precipitate obtained 
at 50 to 80 per cent alcohol 

The yield of the final fraction is approximately 2.5 per cent based on the 
nitrogen in the original culture filtrate. According to comparative intradermal 
tests on cows artificially sensitized to M. tuberculosis and cows sensitized to M. 
paratuberculosis, the final fraction is more potent and more specific than Bureau 
of Animal Industry regular johnin. 
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SUMARIO 


Estudios de la Fraccionacién de la Tuberculina y la Johnina: III. Fraccionacién de las 
Proteinas de la Johnina 


Los procedimientos utilizados para la preparacién de una tuberculina mas especifica han 
sido aplicados a la preparacién de una johnina mds especffica. La fraccionacién por la adicién 
de Ac ido no es aplicable a la johnir ay Se preparé una johnina mas especffica con los siguiente be 
tiempos: (1) concentracién del filtrado del cultivo dilufdo; (2) didlisis; (3) extraccién de la 
solucién de endo con fenol; (4) fraccionacién del extracto fendlico por la adicién de alcohol, 
reservando el precipitado obtenido con 50 a 80 por ciento de alcohol. El rendimiento de la 
fraccién final es aproximadamente de 2.5 por ciento, a base del nitrégeno contenido en el 
primitivo filtrado del cultivo. De acuerdo con intradermorreacciones comparadas en vacas 
sensibilizada®’ artificialmenta al M. tuberculosis y en vacas sensibilizadas al M. paratuber 
culosis, la fraccién final es mds potente y mas especifica que la johnina regular de !a Oficina 


de Industria Animal de los E. U. A 


RESUME 


Etudes sur le fractionnement de la tuberculine et de la johnine: III. Fractionnement 
des protéines de la johnine 


Ce procédé utilisé dans la préparation d’une tuberculine d’un degré de spécificité plus 
élevé a été appliqué a la préparation d’une johnine plus spécifique. Le fractionnement par 
addition d’acide n'est pas applicable a la johnine. Les temps de la préparation d'une johnine 
plus spécifique sont les suivants: 1) concentration du filtrat de la culture diluée; 2) dia 
lyse; 3) extraction de l’endo-solution par le phénol; 4) fractionnement de |’extrait phéno- 
lique par addition d’alcool, en réservant le précipité obtenu 4 50 4 80% d’alcool. Le rende 
ment de la fraction finale est approximativement de 2,5%, en prenant pour base l’azote 
du filtrat de la culture originale. Conformément aux tests intradermiques comparatifs 
effectués sur des vaches sensibilisées artificiellement au M. tuberculosis et chez des vaches 


sensibilisées au M. paratuberculosis, la réaction finale est plus forte et plus spécifique que 
celle donnée par la Johnine réguliére du Bureau of Animal Industry 
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INTRODUCTION 


As a rule, BCG vaccination has been applied to patients who were found to be 
negative to a preliminary tuberculin skin test. Some investigators, however, have 
considered preliminary skin testing to be unnecessary and BCG vaccination to 
be harmless in positive reactors (1, 2, 3). Ustvedt (4) recently pointed out that 
the question of possible harm in vaccinating persons with a positive cutaneous 
reaction to tuberculin is still an open one. Calmette himself stated that, in reac- 
tors to tuberculin, inoculation with BCG caused the development of a Koch 
phenomenon at the site of injection. When large-scale vaccination programs must 
be undertaken, it would mean a great saving of time and personnel if vaccination 
could be carried out safely without preliminary tuberculin testing. Experimental 
work along these lines has been carried out in man and in guinea pigs by French 
workers (5, 6, 7). Some of these investigators came to the conclusion that inocu- 
lation of infected subjects with BCG was harmless, while others noted an aggra- 
vating influence with large doses. Differences in routes of administration and size 
of doses probably account for some of the disagreement. In an attempt to recon- 


cile opposing views on the question, the effect of vaccination with BCG on mice 
already infected with tuberculosis has been studied in this laboratory. 


METHODS AND MATERIALS 


Female mice of the CF, strain (Carworth Farms) were used. They were housed in an air 


onditioned room at a temperature of 70 to 74°C. with 60 per cent relative humidity. Vac 


cine was administered by the subcutaneous route to groups of 10 mice, the vaccine consist 
ing of the BCG (Phipps) strain of tubercle bacillus grown in Dubos medium (8) for five to 
seven days at 37°C. The mice were infected intravenously with 0.25 ml. of a five-day culture 
of the H37Rv strain, also grown in Dubos medium. The quantity of vaccine or infectious 


material was estimated routinely by readings on the Klett-Summerson colorimeter. (It 


was found that seven-day cultures giving a Klett reading of 100 contain 1.2 mg. of organisms 
per ml., dry weight 
As a control or 
three weeks prior to infection with a single dose. For the study of the effect of vaccination 
on tuberculous disease, mice were vaccinated on the day of infection, or one week after, or 


two weeks after, infection. All animals were fed Rockland diet ad libitum and observed 


the efficacy of the vaccine, several lots of mice were vaccinated one to 


until at least 50 per cent died, at which time some were examined in order to establish 


tuberculosis as the cause of death 
RESULTS 
Vaccine when given before infection gave a striking increase in survival time, 
as has been reported by others working with mice (9, 10). The dose required to 
' From the Department of Virology, Research Division, Sharp & Dohme, Incorporated 
West Point, Pennsylvania 
$51 


152 FLORENCE K. FITZPATRICK 


obtain this result is relatively much larger than that customarily given to human 
beings. In the present experiments, in which a single vaccine dose was used, all 
of the mice died eventually, the length of survival being dependent upon the 
quantity of vaccine administered and the severity of subsequent infection. When 
BCG was given after infection, small amounts of vaccine (0.05 to 0.2 mg. per 
mouse) insufficient to effect a notable increased survival in normal mice, given 
on the day of infection or at later stages, did not aggravate the disease. Large 
doses of vaccine, on the other hand, (0.3 to 1.2 mg.) accelerated the disease 
whether given on the day of infection or at a later time. The quantities of vaccine 
which produced this effect were greatly in excess of the usual 0.1 mg. dose used 
for human immunization. In figures 1 and 2 the percentages of survivals of 
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Fig. 1. Effeet of BCG vaccination on mice infected with H37Rv* (chronic infection 
large doses of vaccine 

Groups 1 through 5 vac« inated before infection with 0.5 to 1.0 mg 

Group 6 vaccinated on day of infection with 1.0 mg 

Groups 7 and 8 vaccinated one week after infection with 1.0 and 0.5 mg 

Group 9 vaccinated two weeks after infection with 1.0 mg 

Group 10 unvaccinated infected controls 


* Per cent mortality when controls showed 50 per cent deaths 


vaccinated mice at the time when 50 per cent of unvaccinated controls had died 


are shown. 


COMMENT 


Although it goes without saying that results in the relatively resistant mouse 
do not necessarily parallel what might occur in humans, it would appear on the 
basis of the mouse experiments cited that the manifestation of clinical disease in 
patients soon after BCG immunization should not cause greater concern than if 
they had not been vaccinated. In some cases reported in the European literature 
in which vaccination was considered an aggravating influence, the patients were 
given BCG by the scarification method. In the present mouse experiments, the 
subcutaneous route was used and three to twelve times the weight of micro- 
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organisms employed in human immunization were required to shorten the sur- 
vival of mice previously infected. 

An attempt has been made by experimental means to harmonize different 
points of view on the question of whether it is or is not harmful to vaccinate with 
BCG in the presence of tuberculous infection. If the results obtained in mice can 
be applied to man, it would appear that vaccination with BCG as usually prac- 
ticed should do no harm when performed on human beings during the incubation 


period of tuberculous disease. 


% MORTALITY 
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Fic. 2. Effect of BCG vaccination in mice infected with H37Rv* (acute infection 
large and small doses of vaccine 
Group 1 vaccinated before infection with 0.9 mg 


Groups 2 and 3 vaccinated on day of infection with 0.2 and 0.1 mg 


Groups 5, and 6 vaccinated one week after infection with 0.35, 0.17, and 0.08 mg 
Groups 7, 8, and 9 vaccinated two weeks after infection with 0.3, 0.15, and 0.07 mg 


Group 10 unvaccinated infected controls 


* Per cent mortality when controls showed 50) per cent deaths 


SUMMARY 


Mice were inoculated with varying doses of BCG at zero, one, two, or three 
weeks after infection with virulent human tubercle bacilli and their survival 
times were compared with those of unvaccinated controls. It was found that 
small quantities of vaccine did not influence the outcome of the infection but 
that doses in excess of amounts needed to produce significant survival in normal 
mice accelerated the disease. 


SUMARIO 


Efecto de la Vacunacién BCG en los Ratones Infectados con Tuberculosis 


Después de infectarlos con bacilos tuberculosos humanos virulentos, se inocul4é a ratones 
con dosis variables de BCG a plazos de cero y una, dos y tres semanas, compardndose los 
respectivos tiempos de sobrevivencia con los de testigos sin vacunar. Observése que peque 
fias cantidades de vacuna no afectaban la evolucién de la infeccién, pero que dosis superiores 
a las necesarias para producir una sobrevivencia de importancia en los animales normales 


aceleraban la dolencia 
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RESUME 
Résultat de la vaccination par le BCG dans l’infection tuberculeuse expérimentale de la souris 


L’inoculation de doses variées de BCG a été pratiquée, chez des souris, immédiatement 
et une, deux ou trois semaines apres |’infection expérimentale effectuée avec des bacilles 
tuberculeux humains virulents. Le temps de survie a été comparé avec celui enregistré pour 
les animaux témoins, non vaccinés. Il a été observé qu’en petite quantité le vaccin ne modi- 
fiait pas |’issue de l’infection, mais que les doses supérieures aux quantités nécessaires pour 
obtenir un temps de survie significatif, chez la souris normale, accélérait |’évolution de 
l’affection 
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APLASTIC ANEMIA FOLLOWING THE USE OF STREPTOMYCIN AND 
PARA-AMINOSALICYLIC ACID! 
Report of a Fatality 
HENRY W. WALTERS 
Received for publication April 16, 1953 


The administration of streptomycin and para-aminosalicylic acid (PAS) together 
has been used in the treatment of all forms of tuberculosis since 1948. Although treat 
ment has been prolonged in many patients, serious complications have been relatively 
few. In the cases which have shown evidence of bone marrow depression, immediate 
cessation of chemotherapy and early treatment of the disturbed hemopoiesis has resulted 
in early recovery. The present report is concerned with a patient who developed a fatal 
aplastic anemia while receiving streptomycin-PAS therapy. 


CASE REPORT 
A 69-year-old white male had been hospitalized continuously since November 22, 1924, 
for the treatment of a schizophrenic reaction of the catatonic type. He had a simple pertro 
chanteric fracture of the left hip in December of 1944. He developed severe jaundice begin 
ning July 16, 1941. The icterus index was 75; the van den Bergh delayed test was 4.0 units 
and the immediate was 6.0 units. The erythrocyte count was 3.9 million per cu. mm.; the 
leukocyte count was 6,200, with a differential distribution of 67 per cent polymorphonuclear 
leukocytes, 32 per cent lymphocytes, and 1 per cent monocytes; the hemoglobin was 78 
per cent the coagulation time was three and one-half minutes. Because of a diagnosis of 
obstructive jaundice, probably due to carcinoma of the head pancreas, a laparotomy was 
performed on September 26, 1941. No abnormalities were detected at operation. The jaun 
dice began clearing soon after the operation and had entirely disappeared by March of the 
following year 
Moderately advanced pulmonary tuberculosis was discovered on February 20, 1947 
Secause of the persistence of the tuberculous lesions, chemotherapy (streptomycin, 1 gm 
twice weekly, and PAS, 4 gm. three times daily) was initiated on July 6, 1952, and no other 
medication was prescribed 
The patient showed no intolerance to the drugs until October 15, 1952, when he refused 
to eat or take PAS, stating he felt pregnant. During the night his temperature reached 
104.4°F. (rectal); pulse, 140. A leukocyte count (October 16, 1952) revealed 4,000 cells per 
cu. mm., predominantly mononuclear cells. The previous blood count had been taken on 
September 29, 1952, and was erythrocytes, 3.9 million per cu. mm.; hemoglobin, 13.2 gm.,; 
leukocytes 7,600 (74 per cent neutrophils, 20 per cent lymphocytes, 2 per cent monocytes, 
and 4 per cent eosinophils). Streptomycin and PAS were discontinued, and forced feeding 
was started. Penicillin in large doses, B-6, and pentose nucleotides were administered 
daily 
The hematologic findings until the time of death were as follows 
Date Erythrocyte Hemoglodin Leukocyte 
September 29 3.9 million 13.2 gm. 7,600 
October 16 4,000 (predomi 
nantly mono 
nuclear cells) 
October 17 3.75 million 13.0 gm 600 
October 20 3.70 million 11.0 gm 100 (mostly ma 
ture lympho 
cytes) 


October 22 2.47 million 5.0 gm. 150 


' From the Tuberculosis Service, Veterans Administration Hospital, St. Cloud, Minne 
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The bromaulfalein test on October 17 showed 6 per cent retention in thirty minutes 

The phenolsulfonphthalein test on October 17 showed 50 per cent excretion at one hour 
and 80 per cent excretion at two hours 

The urine was normal until October 17, 1952, when examination revealed 3-plus albumin 
with a specific gravity of 1.030, an occasional leukocyte, erythrocyte, and cast. On October 
20, 1952, the urine was acid, with a specific gravity of 1.010 and a 4-plus albumin 

The patient’s temperature ranged from 102° to 105°F (rectal) until the day of death 
(October 22, 1952), when it rose to 107°F. (rectal). The pulse range was 120 to 160; and the 
respirations, 30 to 50 per minute. Unfortunately, blood transfusions were not employed until! 
approximately twelve hours before death 

At autopsy, the pathologic diagnoses established were pneumonia, lobular, left lower 
lobe; pulmonary edema and hemorrhage, bilateral; tuberculosis, pulmonary, right apex; 
pleuritis, fibrous, right; cerebrovascular congestion, petechial hemorrhages, minimal 
subarachnoid hemorrhage; generalized dermal petechiae; and passive congestion of liver, 
spleen, and kidneys 

Post-mortem studies of bone marrow revealed no erythrocytes, no megaloblasts, and 
very few leukocytes (mostly lymphocytes and plasma cells). On the basis of these findings, 
a diagnosis of aplastic anemia was made 

The pulmonary tuberculous lesions consisted of a nodular necrotic mass 3 em. in diameter 


and a cavity 2 cm. in diameter, both located in the apical segment of the right upper lobe 


COMMENT 


Although serious complications are infrequent in the treatment of tuberculosis with 
the chemotherapeutic agents currently employed, this case is a reminder that they may 
occur. Since there is a trend to treat tuberculous patients with chemotherapy on an out 
patient basis, one must be alert to the possibility of bone marrow depression. Psychotic 
patients may not be able to call attention to the symptoms and early signs of the con 


dition and, therefore, need to be carefully observed. 
SUMMARY 


A case of aplastic anemia which terminated in death occurred in a tuberculous psy 
chotic patient approximately three months after the beginning of long-term chemotherapy 
consisting of intermittent streptomycin sulfate and daily para-aminosalicylic acid. Which 
one of the two drugs was responsible could not be established. The case is reported as a 
reminder that serious complications can occur in the treatment of tuberculosis with long 


term chemotherapy 


SUMARIO 
Anemia Apldsica Consecutiva al Uso de Estreptomicina y Acido Para-Aminosalictlico 
Comunicacién de una Muerte 
Un caso de anemia apldésica que culminé en la muerte fué observado en un psicépata 
tuberculoso uno tres meses después de comenzar una quimioterapia a largo plazo, com 
puesta de sulfato de estreptomicina intermitentemente y de Acido para-aminosalicflico a 
diario. No pudo establecerse cudl de las drogas fué la causante. Preséntase el caso para 
hacer recordar que pueden ocurrir complicaciones graves en el curso de la quimioterapia a 
largo plazo de la tuberculosis 
RESUME 
Anémie aplastique 4 la suite de l'emploi de la streptomycine et de l'acide para-aminosalicylique: 
Rapport sur un décés 


Un cas d’anémie aplastique, qui a eu une issue fatale, s'est produit chez un tuberculeux 
affecté de psychose environ un mois aprés |’instauration d'une chimiothérapie & long terme, 
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comportant une cure intermittente de streptomycine avec administration quotidienne 


d’acide para-amino-salicylique 

Il n’a pas été possible de déterminer quelle était celle des deux substances responsable 
de cette réaction. Ce cas est rapporté pour rappeler que, dans le traitement de la tuberculose, 
des complications graves peuvent se produire, au cours de la chimiothérapie prolongée 
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INTRODUCTION 


Severe toxic reactions to therapeutic doses of the antituberculous drug isoniazid are 
regarded as uncommon. The untoward reactions first reported by Robitzek and Selikoff 
(1) have proved to be infrequent and minor in importance. During the course of iso 
niazid treatment of more than 170 patients in the Veterans Administration Hospital, 
Madison, Wisconsin, in the past twelve months, it has not been necessary to discontinue 
therapy because of rash, liver damage, gastrointestinal intolerance, or urinary retention 
Restlessness, irritability, and hyperreflexia occasionally have been noted. No evidence of 
serious central nervous system hyperirritability has been encountered. Nevertheless, 6 
patients in ‘iis series have developed manifestations of peripheral neuropathy. This 
condition is noteworthy because the symptoms may become severely distressing and 
require the discontinuation of isoniazid. 


CASE REPORTS 


Case 1. T. E. is a 47-year-old single white male who entered the hospital on March 11, 
1952, with the diagnosis of far advanced active pulmonary tuberculosis of fourteen months’ 
duration. He received extensive treatment with streptomycin and para-aminosalicylic 
acid (PAS) without improvement and, therefore, was placed on isoniazid, 50 mg. three 
times daily, on March 20, 1952. After one month, the dose was increased to 150 mg. three 
times daily (approximately 9.2 mg. per kg.). Two weeks later, he developed a papular rash 
over the forehead, and a few days later began complaining bitterly of ‘‘slivers’’ and numb 
ness in his hands and legs. These symptoms became more marked even though the dosage 
was reduced to 50 mg. three times daily on May 22. He was given nicotinic acid, }) mg 
three times daily, without benefit. Vitamin B complex was then substituted and continued 
for two months without alleviation of symptoms. On August 6, the patient was started on 
parenteral vitamin By, 60 mg. three times weekly. When no improvement resulted, it was 
necessary to discontinue the isoniazid. The patient, thereafter, reported that he felt some 
what improved although some numbness and tingling continued. Progression of the pa 
tient’s pulmonary tuberculosis prompted reinstituting isoniazid, 50 mg. three times daily, 
on September 24. This has been continued in spite of discomfort from his peripheral neuro 
pathy. Neurologic examination revealed that this patient had motor weakness of the hands 
and feet, glove-stocking type of hypesthesia to light touch with hyperesthesia to pin prick 
Vibratory and position senses were normal. Deep reflexes were diminished in the upper ex 


tremities and lost in the lower extremities 


Case 2. K. E. is a single white male who entered the hospital as a ‘“‘transfer patient” 
on December 21, 1951, with the diagnosis of far advanced active pulmonary tuberculosis of 
eight and one-half years’ duration. He had exhibited psychotic behavior in the past, which 
was classified as a schizophrenic reaction, paranoid type. He had received several courses 
of streptomycin and para-aminosalicylic acid, and his tubercle bacilli were highly resistant 


to both of these agents. The patient was placed on isoniazid, 50 mg. three times daily, on 


! From the Psychosomatic Section of the Medical and Tuberculosis Service, Veterans 
Administration Hospital, Madison, Wisconsin 
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March 20, 1952. The dosage was increased to 150 mg. three times daily on April 20, 1952 
approximately 7.2 mg. per kg.). He first complained of “‘slivers’’ in his hands and feet on 
June 2, 1952. Increasing severity of his complaints led to a trial on vitamin B,», 1,000 
four times weekly. This was discontinued after two weeks because no improvement was 
noted. Although the symptoms continued unabated, the patient was maintained on iso 
niazid because of the critical condition of his pulmonary tuberculosis. He was transferred 
to another hospital on January 19, 1953, still having symptoms and signs of peripheral 


uropathy 


Case 3.M.J. was a 57-year-old single white male who entered the hospital on November 
13, 1951, with the diagnosis of far advanced active pulmonary tuberculosis of five years’ 
duration. This patient was seriously ill at the time of admission, and his prognosis was con 
sidered to be very grave. During the initial period of hospitalization, he received strepto 
mycin and para-aminosalicylic acid, as well as Terramycin, without benefit. On March 20, 
1952, he was placed on isoniazid, 50 mg. three times daily. This was increased to 150 mg 
three times daily (approximately 8.6 mg. per kg.) on April 25, 1952. Abdominal discomfort 
and nausea developed in May. On approximately July 15, he began complaining of ‘‘sore 
ness like a toothache in both feet around the toes and balls of the feet.’’ There were no 
objective neurologic changes. Isoniazid was discontinued on July 25, and he was given 
vitamin By, 15 y intramuscularly, daily for two weeks without benefit. Thiamine, 100 mg 
three times daily after meals, then was given for two weeks along with nicotinic acid, 25 
mg. three times daily for a few days. Although the patient felt somewhat improved, he con 
tinued to complain of pain in the feet. His general condition deteriorated. The isoniazid, 
50 mg. three times daily, was reinstituted on September 5, 1952. The peripheral neuropathy 
continued unchanged until the patient’s death on November 28, 1952. The post-mortem 
diagnoses were: far advanced pulmonary tuberculosis, bilateral; empyema (right); focal 
tubere ulosis of the spleen; cholesithiasis; port il cirrhosis 

Case 4. L. G. is a 46-year-old married white male who was admitted to the hospital on 
June 30, 1952, with the diagnosis of far advanced active pulmonary tuberculosis of two 
years’ duration. Isoniazid, 100 mg. three times daily (approximately 6.8 mg. per kg.), was 
prescribed on July 14, 1952. Seven weeks later, he developed pain and burning of t! 
of his feet, ‘‘as if wearing a new pair of shoes.’’ He was placed on vitamin B complex with 
only moderate relief of symptoms. He left the hospital against medical advice on Decem 
ber 22, 1952, at which time he still had mild discomfort in his feet. Neurologic findings were 


soles 


limited to slight hypesthesia in the extremities and diminution of knee and ankle jerks 


Case 5.8. E. is a 58-year-old widowed white male who entered the hospital on November 
1, 1951, with far advanced active pulmonary tuberculosis complicated by genitourinary 
tuberculosis of six months’ duration. He was placed on streptomycin and para-amino 
salicylic acid. On March 14, 1952, approximately two weeks following bilateral epididymeec 
tomy, he developed tuberculous meningitis. Isoniazid, 50 mg. three times daily, was started 
on March 19. This was increased to 150 mg. three times daily (approximately 8.2 mg. per 
kg.) on April 2, 1952 

The patient gradually improved but then sustained a left hemiplegia on June 19, 1952 
In February, 1953, he began complaining of pain in the hands and feet ‘‘as though the skin 
is cracking.”’ Vitamin B,2, 30 y daily, was given without much improvement. Neurologic 
examination showed residual hemiplegia on the left, and right facial weakness, atrophy of 
the hand muscles bilaterally with weakness of grip on the right. General reduction of sensa 
tion was present on the left side. Hypersensitivity to pin prick was noted over the right 
hand and foot. No abnormal reflexes were noted. The neurologic picture was complicated 


by the previous meningitis and hemiplegia. Peripheral neuropathy was considered to be 


present because of the persistent complaint of ‘‘soreness’’ of the hands and feet 
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Case 6. L. C. is a 41-year-old divorced white male who was admitted to the hospital 
September 11, 1952, with the diagnosis of moderately advanced active pulmonary tuber 
culosis of two years’ duration. An additional diagnosis of panhypopituitarism was estab- 
lished on admission to the hospital. He was started on streptomycin, 1 gm. twice weekly, 
and para-aminosalicylic acid, 12 gm. daily. He was intolerant to para-aminosalicylic acid 
This was discontinued and replaced by isoniazid, 100 gm. three times daily (approximately 
3.9 mg. per kg.), on September 29, 1952. During the first week of November, 1952, the pa- 
tient began to complain of pain and numbness in his hands and feet, gradually spreading 
upward toward the elbows and knees. Decreased response to painful stimuli was noted, but 
there was no change in light touch sensation. The deep reflexes were all markedly di 
minished. The isoniazid was reduced to 50 mg. three times daily on November 27, 1952, 
and vitamin B,, was first administered in a dosage of 1,000 y daily for six days and then 30 
y daily for twenty-one days. It finally became necessary to stop the isoniazid on December 
17. The patient improved, and isoniazid, 50 mg. three times daily, was again started. This 
was discontinued after eleven days, when his discomfort again became intolerable. On 
February 14, 1952, vitamin B,., 1,000 y, and thiamine, 50 mg. three times daily, were given 
and continued for seven days. The vitamin B,; was then reduced to 30 y daily. Subsequently, 
his symptoms have abated somewhat, but the neurologic findings have remained unchanged 


DISCUSSION 


Although peripheral neuropathy was not found in a large number of tuberculous 
patients who received isoniazid on the dosage of 50 to 100 mg. three times daily, it oc 
curred in 6 patients who received this drug in the higher dosage of 100 to 150 mg. three 
times daily (3.9 to 9.2 mg. per kg.). Five of these 6 patients had far advanced pulmonary 
tuberculosis. All of this group were chronically ill, toxic, and emaciated. Within six weeks 
to eleven months after initiating isoniazid therapy, these patients began complaining of 
pain and parasthesias in the extremities. Neurologic findings included weakness in the 


muscles of the hands, impaired dorsiflexion of the feet, diminished sensory modalities, 
such as light-touch, vibratory and position sense, and reduction or absence of deep re- 
flexes, particularly the knee and ankle jerks. Isoniazid was discontinued, at least tem- 
porarily, in most of these cases and the symptoms and signs slowly abated. Reinstitution 
of the drug generally was followed by exacerbation of symptoms. 

Vitamin By in moderate and even massive doses did not appear to modify the rate of 
improvement. Likewise, nicotinic acid, vitamin B, and vitamin B complex had no sig- 
nificant effect on the intensity of the symptoms. 


SUMMARY 


The cases of 6 patients with pulmonary tuberculosis who developed symptoms and 
signs of peripheral neuropathy while receiving isoniazid therapy are reported 

This syndrome occurred only in patients who were receiving higher dosages of isoniazid. 

The symptoms were sufficiently severe to necessitate temporary discontinuation of 
drug therapy in most cases 

There was only slow symptomatic improvement with interruption of drug treatment. 
Intensive vitamin therapy, including vitamin By, proved to be ineffective 


SUMARIO 


Neuropatia Perifércia en Tuberculosos Tratados con Isoniacida 


Los casos presentados comprenden 6 enfermos con tuberculosis pulmonar que manifes- 
taron sintomas y signos de neuropatia periférica mientras recibfan la isoniacidoterapia. 

Ese sindrome no aparecié mds que en los enfermos que recibfan las dosis m&s altas de 
isoniacida. 
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Los s{ntomas alcanzaron suficiente gravedad para obligar a abandonar temporalmente 
la farmacoterapia en la mayorfa de los casos 

Al interrumpirse la medicacién, sélo se observé mejor{fa sintomdtica lenta. La vitamino- 
terapia intensa, comprendiendo vitamina By, resulté ineficaz 


RESUME 


Neuropathie périphérique chez des tuberculeuz traités par l’isoniazide 


Publication des observations de six cas de tuberculose pulmonaire présentant des signes 
de neuropathie périphérique au cours d’un traitement par l’isoniazide 
Ce syndrome ne s’est produit que chez les malades recevant les doses d’isoniazide les 


plus elévées 

Dans la plupart des cas, les symptémes étaient suffisamment sévéres pour nécessiter 
l’interruption temporaire de l’isoniazide 

L’amélioration générale a été ralentie quand le traitement a été discontinué 

Une vitaminothérapie comportant la vitamine B, s’est montrée inefficace 
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PRESENT STATUS OF BCG STUDIES: 


r 
I 


At the annual meeting of the National Tuberculosis Association three years ago, D 
tobert Anderson? discussed the attitude of the Public Health Service toward BCG va 
cination. He pointed out the wide differences of opinion on many questions about BCG 
and its use; the recurrent theme throughout his talk was how little was really known about 
BCG—how little solid evidence there was amid al] the claims and counterclaims of its 
value 

Jecause of this, Dr. Anderson said, the Public Health Service could recommend the 
use of BCG only for selected groups with known high risk of exposure to tuberculous 
infection. Tuberculosis had been declining sharply for many years and there was no 
reason to think that it would not continue to decline, perhaps even more rapidly. More- 
over, it was not clear that the advantages of using BCG would outweigh the disadvantages 
of losing the tuberculin test as a diagnostic and case-finding tool. It was believed that 
mass vaccination programs in this country could be justified only for the purpose of 
making carefully documented studies to determine the value of BCG in tuberculosis 


control. 

That was not a recommendation to be made lightly, in the face of strong popular belief 
in BCG and its widespread use abroad. It was not a recommendation which could be 
made without an obligation to make known any indication that it should be changed 
Nevertheless, about the only reason for changing the recommendation would be decisive 
evidence of the effectiveness of BCG in human beings. A number of groups in different 


parts of the world, including the Public Health Service, are actively trying to find such 
evidence. It is the purpose of this report to describe very briefly the several! large-scale 


evaluation studies undertaken by the Service and to present the first preliminary results 


of these studies 
In planning the studies, decisions were required on several critical issues 


Of primary importance was the conviction that it was absolutely necessary 
have control studies in which vaccination would be deliberately withheld f: 
randomly selected part of the population found eligible for vaccination 
fectiveness of BCG would be measured by comparing the rate of tuberculous infec 


1e two comparable groups, the one vaccinated, the other not vaccinated 


to vaccinate all who were eligible and expect to measure the effect 
wis 


tion im th 
An alternative 
of vaccination 
1s unsound. Similarly, 
vaccinated and use those who refused as controls 


by the change in tuberculosis morbidity and mortality 


it was unacceptable to vaccinate all who were w g to be 


f the studies. With the 


Another important decision concerned the size o 
drop in the prevalence of tuberculosis, only in large studies would there 
cases of tuberculosis to indicate whether there was less tuberculosis 
vaccinated than among the controls 

This aspect led toa third, the matter of evaluation 
time, the staff, or the money to do regular, periodic examinations of large groups of 


} ew people today 
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healthy individuals. Evaluation therefore would have to depen 


yn the established systems of finding and reporting tuberculosis cases and 

deaths 
Finally, in order to det ne the impact of the BCG program on the total 
tuberculosis problem, it would be necessary to know about the tuberculosis which 
occurred, not only among the vaccinated and controls, but also among the tuber 


culin reactors who were ineligible to receive BCG 


Thus, it was determined that the main characteristics of the studies should be: first, 
that they would be control studies (some people would be vaccinated, some not), second, 
that they would be very large-scale studies; third, that follow-up would be made an 
integral part of the established system of notification of tuberculosis cases and deaths; 
fourth, that both those eligible for vaccination and those not eligible would be included 
in the follow up 

Such studies, it was fully recognized, might be criticized because the evaluation de- 
pends so heavily on mortality and morbidity reporting. However, just such information 
is used to measure all our efforts in tuberculosis control. After all, if BCG vaccination in 
a population is not effective enough to be recognized through reasonably efficient report 
ing of tuberculosis cases and deaths, its widespread use can hardly be advocated. 

The first study was started in 1947 in Muscogee County, Georgia, a community with 
a population of approximately 100,000 persons. In the spring of 1947, the entire school 
population was tuberculin tested, and half of the nonreactors were vaccinated. Three 
years later, in 1950, the BCG program was made part of a mass survey of the whole popu 
lation, who were invited to have chest roentgenograms, tuberculin tests, and BCG vac 
cination. Approximately 10,000 schoolchildren were included in the early program; about 
60,000 of the general population were added in 1950. Muscogee County is a reasonably 
typical community with a tuberculosis mortality rate somewhat below that of the rest of 
the country. The program there is directed by a full-time Public Health Service physician 
who, in cooperation with the practicing physicians, is able to ensure accurate diagnosis 
and efficient reporting of cases and deaths from tuberculosis. 

The second Public Health Service program is among the American Indians, where 
the prevalence of tuberculosis is many times higher than in the rest of the country. The 
field work of this cooperative undertaking was carried out in 1949 by the Bureau of Indian 
Affairs and included a high proportion of the Indian children attending federal and 
mission schools in the continental United States. The number of children under study is 
27 

The third program is in Puerto Rico, where the field work of testing and vaccinating 
was begun in the fall of 1949 and completed in the spring of 1951. It is a cooperative 
undertaking with the Insular government and was offered to all of the estimated 400,000 
children attending school on the island. Although the field teams visited almost ever 
school on the island, only about one-third of the expected number of children actually, 
participated. Even so, it was expected that the high tuberculosis mortality rate in Puerto 
Rico might give, fairly soon, an indication of what BCG could do. The total number of 
children under study is 165,000, including 18,000 pre-school children 

A fourth study was undertaken in a special group, 20,000 mental patients of all a 
in state institutions in Ohio 

In table 1 is shown the subdivision of each study population into three groups 
tuberculin reactors, the vaccinated, and the controls 

In the first three studies, about half of the populations were tuberculin reactors and 
not eligible for vaccination, leaving the other half to be divided into the vaccinated and 
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control groups. The division, however, was different in each study: in Georgia, one-half 
of the persons were vaccinated; in Puerto Rico, 2 of 3, and among the Indians, 3 of 4 
Of the 20,000 Ohio mental patients, three-fourths were already reactors, leaving just 
over 5,000 eligible for vaccination. In this group, 6 of 7 were vaccinated 

The total number of persons included in the four studies is 282,000: 87,500 vaccinated, 
50,500 controls, and 144,000 tuberculin reactors. The nonreactors were subdivided into 
vaccinated and control groups by strictly unbiased methods which ensure that the two 
groups are entirely comparable. The stage has thus been set for several large-scale tests 
of what BCG could accomplish as a broad public health measure. 


TABLE 1 
LOCATION AND Size or THE BCG Conrrou Stupies or tHe Pusiic Service 


YEAR 
PROGRAM 
STARTED 


LOCATION AND TYPE OF PERSONS VACCINATED CONTROL TUBERCULIN 
STUDY GROUP GROUP GRouP REACTORS 


Muscogee County, Georgia 
1947 Schoolchildren 10,000 2,500 2,300 5,200 
1950 General population 60,000 16,000 16,000 28 000 
1949 American Indian schoolchildren 27 ,000 11,500 3,500 12,000 
1950 Puerto Rican children 165,000 53,000 28 000 84,000 
1948 Ohio mental patients 20,000 4,500 700 14,800 


Total 282,000 87 , 500 50,500 144,000 


TABLE 2 
Tupercucosis Cases anp Deatus Reportep spy Decemper, 1952, AMONG PERSONS IN 
Heattu Service BCG Conrro. Srupies 


RELATIVE 


SIZE oF 

SUBGROUPS OF NATED 
REPORT 

GROUP 


Muscogee County, Georgia, population 4 f- Deaths 
Cases 
American Indian schoolchildren 33133 Deaths 
Puerto Rican children 2:1: Deaths 
Cases* 
Ohio mental patients 4 Deaths 


(Cases 


* Utilizing only a limited set of reports 


It has been no small task to carry the studies this far—to tuberculin test and vac 
cinate, to make accurate individual records, and to set up the necessary statistical files 
or rosters. Now, these studies are in the follow-up phase, matching current tuberculosis 
mortality and morbidity reports with the rosters and, in so far as possible, checking the 
accuracy of these reports 

The results of the follow-up thus far are summarized in table 2. In some respects they 
are both striking and informative. All four studies show that a very large part of the 


tuberculosis appearing in the study groups has occurred among those who were already 
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infected, i.e., the tuberculin reactors who were not eligible for vaccination. In other re 
spects, the results are inconclusive. Little tuberculosis has appeared in those eligible for 
vaccination, whether or not they had been vaccinated. 

In Muscogee County there have been only 3 deaths from tuberculosis so far in the 
entire study population, all of them among the tuberculin reactors. The morbidity has 
also been remarkably low. Only 25 new cases of tuberculosis have occurred: 20 in the 
three years of follow-up of the older group, and 5 in the six years of follow-up of the original 
school group The bulk of the new cases has occurred among those not eligible for vaecina 
tion; very little tuberculosis has appeared among the nonreactors. The 5 cases among 
the vaccinees and controls have occurred in the large group who entered the study in 
1950; there have been no cases of tuberculosis in six years among either the vaccinated 
or control schoolchildren 

Results from the Indian study are limited to information on deaths. There have been 
13 tuberculosis deaths among the 12,000 tuberculin reactors. Only one tuberculosis death 
has been reported for the 3,500 controls. If this rate were applied to the vaccinated, 3 
deaths would be expected, while actually there was none. No conclusions can be drawn 
from so few cases, but the results do not disagree with the view that vaccination is of 
value 

In Puerto Rico also there has been a considerable concentration of tuberculosis mor 
tality in the tuberculin reactors, 24 deaths during the first few vears of the program. In 
this study, however, there is a little stronger indication that BCG may be of value. There 
have been 4 deaths in the controls and only one in the vaccinated group, which contained 
twice as many children. If the mortality rate of the controls were applied to the vac 
cinated, 8 deaths would be expected, but only one occurred. The numbers, of course, are 
very small, but they do suggest that the vaccinated are faring better than the controls 

Tuberculosis morbidity reports in Puerto Rico are somewhat deficient in the complete 
ness of the reporting and the accuracy of diagnosis, but there is no reason to suspect any 
bias related to the fact of BCG vaccination. For this progress report, only a very limited 
number of morbidity reports was available. They show 6 new cases of tuberculosis among 
the vaccinated, 2 among the controls, and 75 among tuberculin reactors. Here, again, most 
of the cases have occurred among the reactors. Unlike the mortality data, the morbidity 
material does not show signs that the vaccinated have been benefited by their vaccination 

Among Ohio mental patients there is essentially no difference between the vaccinated 
and controls with respect to tuberculosis mortality. One death occurred among the 700 
controls, and 4 among the 4,500 who had been vaccinated. As in the other studies, the 
great majority of the deaths from tuberculosis have occurred among the tuberculin rv 
actors 

New cases of tuberculosis in the Ohio study numbered 43 in the vaccinated and 6 in 
the controls. If the morbidity rate among the vaccinated had been the same as in the 
controls, 36 cases would be expected in the vaccinated; thus, the morbidity rate in the 
vaccinated is actually somewhat higher than in the controls. Again the bulk of the cases 
occurred among the tuberculin reactors, 286 of the total of 335 cases reported so far 

What conclusions can be drawn, now, from all of this work? First,—and all four studies 
agree on the point—a very large proportion of the tuberculosis which appeared in each 


population during the first few years after the vaccination program occurred in the group 


who were not vaccinated because they had already been infected. This implies that mass 
vaccination, even if BCG is effective, cannot be expected to have a large and immediate 
influence on tuberculosis mortality and morbidity rates 


The second major point more or less follows. So little tuberculosis has occurred among 
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those eligible for vaccination, whether or not they were vaccinated, that the number of 
cases and deaths is still too small to provide any definite evidence on the effectiveness of 
BCG. It is possible that, in the Indian and Puerto Rican mortality data, there may be 
early signs that BCG, under certain circumstances, could be useful in tuberculosis control 
On the other hand, it is also true that in none of the morbidity comparisons is there any 
evidence of a beneficial effect of BCG 

The third point is that these studies do not indicate that tuberculosis in this country 
would be more effectively controlled by adding mass vaccination programs. Muscogee 
County in Georgia may not be entirely representative of the whole country but, since the 
effect of the vaccination program there is imperceptible, it seems that there is little reason 
to expect very different results in other communities 

In the present report there has been time only to describe very briefly the Public Health 
Service studies. Neither these studies nor those in recent reports by others indicate a 
need for changing the Public Health Service recommendations of three years ago 
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ABORTIVE TUBERCULOSIS IN GUINEA PIGS INDUCED BY PATHOLOGIC MATERIAL 
CONTAINING YOUNG TUBERCLE BACILLI 


To the Editor of the American Review of Tuberculosis: 


The controversy created during 1922 to 1933 by the publications of Vaudremer, Valtis, 
Bezangon and Hauduroy, Durand, and Arloing and Dufourt concerning the filterable 
forms of tubercle bacilli was ended with the acceptance of the opinion that errors had 
occurred in the course of these studies and that the conclusions drawn by several of the 
investigators could not be confirmed. These studies have been lost sight of for the past 
twenty years. As is so often true, the unfavorable reaction to the original studies was 
exaggerated since in rejecting it the wrong interpretation of the facts was confused with 
the facts themselves, a point which we have recently discovered to be valid. On the basis 
of research extending over many years, we wish to separate in this letter the erroneous 
interpretation from the facts. 

Calmette and Valtis in 1926 described a benign form of tuberculosis in guinea pigs 
inoculated with the filtrate of a culture of tubercle bacilli passed through a Chamberland 
L3 filter, under a pressure of 25 to 30 cm. of mercury. Under similar conditions these 
filters do not permit the passage of the ordinary tubercle bacilli. The mild infection induced 
in these guinea pigs was associated with transitory tuberculin sensitivity and a transitory 
swelling of certain lymph nodes. Prolonged search of smears from these lymph nodes re 
vealed an occasional clump of either nonacid-fast or more or less acid-fast organisms 
Inoculation of these lymph nodes on egg medium and into guinea pigs gave negative 
results. Lesions presenting the same characteristics were observed by Calmette, Valtis, 
and Lacomme (1928) in guinea pigs inoculated with the unfiltered mesenteric nodes of 
an infant born from a tuberculous mother. Similar observations were subsequently made 
by other investigators following the injection into guinea pigs of blood or urine from 
tuberculous or suspected tuberculous persons and in guinea pigs inoculated with synovial 
fluid, hydrocele or ascitic fluid, bone lesions, or cutaneous tuberculous lesions. In view 
of these findings it was assumed that the elements which passed through the Chamber 
land L2 or L3 filters were not the usual forms of tubercle bacilli but were smaller forms 
comparable perhaps to an ultravirus. It was thought that there must be a relationship 
between the small filterable elements and the atypical tuberculous lesions since the inocu 
lation in guinea pigs of tissues or liquids derived from atypical lesions, as well as filtrates 
of cultures of tuberculous material, can produce in these animals the Calmette-Valtis 
type of infection. Other investigators who failed to reproduce these results believed that 
this type of infection was produced by the inoculation of small numbers of tubercle bacilli 
or by fragments of dead tubercle bacilli which had passed through the filters and sensitized 
the animals to tuberculin 

In view of these differences of opinion, we have undertaken to study this question 
guided by two observations which pointed the same way. One was the demonstration by 
several authors that filterable forms of tubercle bacilli were demonstrable only in cultures 
which were less than eight days old. The other noted by one of us (L. N.) in association 
with A. Boquet and Valtis' and confirmed recently? was that cultures of tubercle bacilli 
in their first days of growth, either in the film on the surface of Sauton medium or in the 
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of Besredka medium, have : sht sensitizing power and are conspicuously less 


and virulent than older bacilli 
\s a result of numerous experiments,’ we have drawn the following conclusions 
Under a pressure of 25 to 30 cm. of mercury, tubercle bacilli originating from 
cultures less than six days old do not pass through a Chamberland L3 filter 
Ordinary bacteria do not pass through the filters under these conditions 
Under a pressure exceeding 50 cm. of mercury, bacilli derived from a culture 
less than six days old often pass through the Chamberland L3 filter. When this 
filtrate is injected in large quantities subcutaneously into guinea pigs and intra 
venously into rabbits, the animals frequently become sensitized to tuberculin 
and in certain cases lesions are induced 
The filtrate obtained under the same high pressure from viable thirty-day-old 
cultures of tubercle bacilli or from young or old cultures killed by heat fails to 
induce sensitivity to tuberculin in the treated guinea pigs and rabbits 
One may therefore discard the hypothesis that the elements which pass through the 
Chamberland filter are extremely minute forms comparable to an ultravirus or that they 
represent fragments of dead tubercle bacilli and that these particles are capable of sensi 
tizing animals to tuberculin. Only the young forms of tubercle bacilli are able to pass 
through the Chamberland L5 filter and only under a pressure greater than 50 cm. of 
mercury. It is probable that the errors which have occurred were due to sudden changes 
in pressure greater than 30 cm. of mercury which permitted the occasional passage of 
voung bacilli through the filters 
The mild infection, type Calmette-Valtis, is produced in guinea pigs by the inoculation 
of some component of young tubercle bacilli as we have shown by the production of such 
a type of tuberculosis in guinea pigs following the injection of unfiltered young cultures 
One of the writers (J. B.)* has noted that the inoculation into guinea pigs of a single 
unit of bacilli originating from young cultures transplanted every three days produces 
in these animals either a transitory hypersensitivity or progressive lesions. Similarly, 
the inoculation subcutaneously into guinea pigs or intravenously into rabbits of 1 to 10 
units of such organisms is capable of inducing a transitory sensitivity to tuberculin or of 
producing discrete tuberculous lesions.* We have obtained the same results by the inocu 
lation of filtrates of young cultures obtained under a pressure in excess of 50 em 
of mereury 
Because the inoculation into guinea pigs of an occasional young tubercle bacillus pro 
uces in certain instances a transitory type of tuberculosis, it was thought that it might 
be possible to encounter a benign infection in guinea pigs inoculated with pathologic 
material from tuberculous or suspected tuberculous patients, especially in the early stage 
of the disease 
Of 405 specimens submitted for examination for tubercle bacilli, 135 have given positive 
results by guinea pig inoculation and by culture on egg medium. Among the 270 other 
cases which proved to be negative following guinea pig inoculation and culture in egg 
medium, we have found 26 cases in which certain of the animals showed a transitory 
tuberculin sensitivity accompanied by an enlargement of sublumbar and tracheobronchial 
lymph nodes and occasionally a granular appearance of the spleen. Cultures of the nodes 
and reinoculation of these nodes into normal guinea pigs were negative as in the case of 
the lymph nodes of the guinea pigs inoculated with the filtrate of young tubercle bacilli 


which induced tuberculin hypersensitivity in these animals 
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In 12 of the 26 cases, the abortive form of tuberculosis developed in guinea pigs following 
the inoculation of blood from 5 cases of erythema nodosum, from 3 cases of pulmonary 
tuberculosis, from 3 cases following the injection of blood of hyperthermia, and of blood 
from the umbilical cord of a tuberculous woman. This form of abortive type of tuberculosis 
was also elicited by the inoculation of spleen or mesenteric nodes from infants born from 
tuberculous mothers, from urine, from pleural fluid, from gastric lavage, and following the 
inoculation of skin lesions and bone lesions 

It was with analogous unfiltered material that Calmette, Valtis, and Lacomme (1926 

later other investigators (1936) obtained by direct inoculation into guinea pigs a 
benign form of tuberculosis identical with that which we have observed in these animals 
following the inoculation of filtrate of young cultures of tubercle bacilli obtained unde 
high pressure or by the inoculation of several units of young unfiltered tubercle bacilli 

It is essential to call attention hereafter to those instances in which guinea pigs inocu 
lated with pathologic material from suspected cases of tuberculosis show a transitory 
tuberculin hypersensitivity associated with a transitory hypertrophy of certain lymph 
nodes, especially of the tracheobronchial nodes. Such findings are proof that the pathologic 
material contains incompletely developed tubercle bacilli 

It has been shown that young tubercle bacilli do not have the same chemical composi 
tion which characterize them later. A large number of the organisms are not acid fast 
We know, on the other hand, from the recent studies of Asselineau (1951) that the lipid 
content of young bacilli is approximately one-third that of the fully developed organisms 
On the basis of their chemical composition, one can explain the ability of the young tu 
bercle bacilli to pass the Chamberland L3 filter under sufficient pressure, and their slight 
pathogenicity for guinea pigs. Because of the marked reduction of their lipid content 
they are significantly more vulnerable to the defense mechanisms of the organisms than 
are the fully matured tubercle bacilli. It is quite possible that the fixation of the lipids by 
the newly formed bacilli results with more or less rapidity, depending on the organ in 
which they are deposited by the circulating blood 

One may formulate the hypothesis that the newly formed bacilli originate from certain 

of an exogenous primary infection or from the center of a tuberculous process 

n a heavily vascularized organ. In the latter event the organisms are discharged 

by the bloodstream into the urine or through serous exudate. The presence of these or 
ganisms in the center of bone and in the cutaneous lesions can be explained by the fact 
that, in these tissues, conditions are not sufficiently favorable for them to rapidly develop 
their complete chemical constitution. Such is probably the reason why strains of tubercle 
bacilli of low virulence are frequently described in skin lesions. On the other hand, we 


ve never established the abortive type ol tuberculosis in guinea pigs ino ulated with 


‘sputum of tuberculous patients. This is probably due to the fact that these ulcerating 


ons are old or that the tubercle bacilli find the lipid rich lungs a partic ularly favorable 
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produce progressive tuberculosis in inoculated guinea pigs, is an indication that the mate 
rial contains tubercle bacilli comparable to those present in young cultures 


The fact that human pathologic material has produced this infection in guinea pigs in 
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half of the cases with samples of blood and in the other half, especially, with urine and 
serous discharges is an indication that the tubercle bacilli must frequently circulate in 


the blood in an immature form 


PasTeEuR INSTITUTE Sincerely vours, 
Paris, FRANCE 

L. Necré 
March 11, 1953 J. BrRerey 


TOXICITY OF ISONIAZID FOR THE MONKEY 


To the Editor of the American Review of Tuberculosis: 


The very interesting article entitled “The Toxicity of Isoniazid for the Rhesus Monkey” 
by L. H. Schmidt, R. Hoffmann, and H. B. Hughes, in the American Review or TuBer- 
cuLosis, Volume 67, June, 1953, page 798, merits comment. The authors recommend 
systematic trials of considerably higher doses of isoniazid in the human. This is based 
on their experience which indicated low toxicity of isoniazid in the monkey. Our limited 
study of monkeys confirms this fact. There is a distinct species difference in the toxicity 
data when comparing information derived from dog and monkey. However, this is merely 
one more example, which could be multiplied a great many times, of species variation in 
toxicity for any compound. It still seems completely impossible to predict accurately the 
toxicity in man from the toxicity data in either the dog or the monkey. Approximate 
ranges may be derived, but the toxicity must always be determined directly in the human 
In the case of isoniazid, the growing body of experience confirms the impression derived 
in 1951, namely, that isoniazid is less toxic for laboratory monkeys than for man. The 


types of toxicity in man are indicated well enough by the experience with dogs. The 


experience with monkeys is less satisfactory, both qualitatively and quantitatively, as a 
basis for prediction than the canine data. 

This information, assembled from a large number of investigators in a period of two 
years, indicates a risk of advising general employment of doses of isoniazid in excess of 
10 mg. per kg. per day. An exception should be made for very brief periods of intensive 
treatment, as in meningeal or miliary tuberculosis. When the doses are significantly above 
5 mg. per kg. per day, there is reason to believe that the frequency of peripheral 
neuropathy and central nervous system disturbances will be significantly increased 

I am in agreement with the above-mentioned authors that there are advantages to be 
obtained from an increased use of monkeys in experimental pharmacology. This is, how 
ever, not to indicate that we should abandon the use of the dog, but rather that we should 
increase the variety of observations as far as possible prior to approaching human therapy 


HorrMann-La Rocue, Ini Sincerely yours, 
Nouttey, New Jersey 
L. 


July 14, 1953 
PROCEDURE WITH NEGATIVE CULTURES FOR TUBERCLE BACILLI 


To the Editor of the American Review of Tuberculosis: 

It is my understanding that the Communicable Disease Center of the Federal Security 
Agency recommends the smearing and staining of the surfaces of all negative cultures for 
tubercle bacilli in order that positive cultures of bovine or dysgonic human tubercle 
bacilli will not be overlooked. Therefore, we have been following this plan since our hos- 
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pital opened in August, 1951. To date, in well over 2,500 negative cultures, we have had 


no growth of either bovine or dysgonic tubercle bacilli 


Since the above procedure is time consuming and causes a delay in the reporting of 
results, I have been wondering if we would be justified in discontinuing it. I would ay 


preciate your views on the subject and those of your readers 


Onto TuBercuLosis Hosprrau Sincerely yours, 
CoLumsus 10, On10 

ConsTANce J. CONNORS 
July 14, 1953 


Books 


FamMINeE Disease IN GERMAN CONCENTRATION Camps. COMPLICATIONS AND SEQUELS 
WITH SpeciaL Rererence TO TuspercuLosis, DisorDeRS, AND SoctaL CoNseE- 
quences. By Helweg-Larsen, Henrik Hoffmeyer, Jorgen Kieler, Eigil Hess Thaysen, 
Jorn Hess Thaysen, Paul Thygesen, and Munke Hertel Wulff. Pp. 460, Ejnar Munks 


gaard 


Copenhagen, 1952 

The seven Danish physicians who contributed to this book state that one of their objects 
was to express in medical terms and figures some of the human misery in the Nazi con 
centration camps during World War II. Most of their personal observations deal with 
Danish internees, particularly young men of the Resistance Movement and of the Police 
Force. In reality, however, the theme of the book is broader; it concerns human starva 
tion with all its physical, mental, social, and political consequences. The Nazi concen 
tration camps became during the last War the theatre where was enacted the largest, and 
most systemically organized, starvation tragedy in the history of mankind. But starva 
tion does not occur only in war time. The authors always have in mind that, in any period, 
a large part of the world population lives in a state of famine. The achievements of med 
ical science and the activities of philosophers and statesmen will remain in many places 
of little account until society has learned to meet the most essential need of man, what the 
authors call his “primary right, the right to have enough to eat.”’ 

There are so many fascinating aspects to this book that it is difficult to select from its 
wealth of factual information: the details of life in the camps, the multiple physiological 
and psychic facets of famine disease, the mental deterioration which it brought about, the 
unforeseen and pathetic problems—medical and social—of repatriation. It is worth men- 
tioning in this respect that no adequate knowledge is available for bringing the starved 
person back to a state of normal nutrition. As the late Sir Jack Drummond wrote a few 
years ago, “Although in our lifetimes, millions have died from starvation, it is not 
possible to find clear-cut advice how to resuscitate people who are near death from this 
cause. That fact is, I think, a terrible reflexion on our lack of concern for the human race, 
as whole 

{s poorly understood, and as interesting, as the pathological manifestations of famine 
is the fact that certain diseases (or symptoms of disease) were extraordinarily rare, or 
much decreased in severity, while the men remained in the concentration camps—for 
example, dental caries, peptic ulcer, appendicitis, cardiovascular disorders, diabetes, 
thyrotoxicosis, rheumatic fever, glomerulonephritis, and allergic conditions in general 

It is not possible to consider in this review the extensive descriptions given by the 
authors of the various manifestations of famine disease (hunger cachexia, hunger edema, 
polyuria, hunger diarrhea, alimentary diarrhea, cardiovascular disorders, disorders of the 
blood, of metabolism, and of the endocrine system, avitaminosis, mental deterioration). 
Nor shall we outline the very difficult scientific and practical problems (medical and so 
cial) presented by the repatriation of the internees. Instead, we shall have to limit our 
remarks to the field of infectious diseases, and especially of tuberculosis 

The epidemiology of infection among the internees was peculiar in several respects 
On the whole, acute epidemics were rare, the most common medical problems being caused 


by microbial agents endemic in western Europe 


When an epidemic disease was introduced into a camp (e.g., t yphus in the Dachau 


camp) it raged with extreme violence, but generally speaking the morbidity in 
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the camps consisted mainly in an increase in infectious diseases which are nowa 
days normally endemic in the European communities. The most common infec 
tious disorders were: 1) respiratory tract infections including cold and broncho 
skin infections (folliculitis, infected ulcers of the crura, etc.) which 
might give rise to diffuse, but usually torpid, cellulitis; and 3) pulmonary tuber 
culosis 


pneumonia, 2 


A survey of the present material seems to indicate that the increased incidence 
of pneumonia, skin infections, and tuberculosis bears a definite relation to the 
nutritonal condition 


All reports indicate that the tubercle bacillus was probably the infectious agent most 
commonly contributing to death during deportation. The tuberculosis mortality reached 
a high of 40 per cent of the total mortality at Buchenwald and 30 per cent at Porta, two 
of the worst camps. The occurrence and course of tuberculosis was studied in great detail 


among the Danish prisoners, a group of particular interest since it consisted largely of 


young robust persons in whom the disease was extremely rare before deportation 
The authors have made a particularly careful study of the relation of tuberculosis mor 
bidity to the state of tuberculin allergy. They summarize their findings in the accompany 


ing table: 


FREQUENCY oF TUBERCULOSIS IN THE VAaRIoUS IMMUNITY GROUPS 


REACTION AFTER REPATRIATION 


Extra 
pulmonary 
Tuberculosis 


Pulmonary 
Tuberculosis 


TUBERCULIN REACT 


DEPORTATION 


Pulmonary 
Infiltration 


Primary 
Pleurisy 


BEFORE Nothing 


Abnormal 


Tuberculin-negative 
BCG vaccination 
Tuberculin-positive 
Reaction unknown 


59 
57 
316 
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ber 


Per 
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Num 
ber 


Num 
ber 


Num 
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cent 


Per 


cent 


Per 
ent 
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39 
15 
278 


746 


and the 


in 


following statement 


In our total case material pulmonary tuberculosis was suspected in 9 per cent 
of the received BCG 


tuberculosis occupies an intermediate position between those demonstrated in 


persons who had Thus, the frequency of pulmonary 
tuberculin-negatives before deportation’ (15 per cent) and ‘tuberculin-positives 
before deportation’ (3 per cent). This seems to indicate that BCG vaccination has 
to some extent been « ipable of preventing the occurrence of tuberculosis during 
deportation 

ie is 
BCG was essentially higher than among the primarily tuberculin-positive 
but a direct 


true that the frequency of tuberculosis among the persons vaccinated 
with 
reactors comparison is scarcely quite permissible. The group ‘tuber 
culin-positives before deportation’ at least re presents a selected material, since all 
the 


According! 


those in whom primary tuberculous infection caused disease had been ex 


cluded the difference in the frequency of tuberculosis in the two 


groups may not be quite as large as the figures seem to indicate 


As may be seen in the table, pulmonary infiltrations were at least as frequent in persons 
vaccinated with BCG before deportation as in the controls, but the authors are careful 
to point out that these infiltrations may not have been of tuberculous etiology since the 
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presence of tubercle bacilli could not be demonstrated. It was found, on the other hand, 
that in the BCG-vaccinated group as a whole, the sensitivity to tuberculin after repatria- 
tion was appreciably higher than that observed as a result of vaccination—a fact which 
“presumably indicates that these vaccinated persons had been exposed to tuberculous 
infection.” It seems pertinent to note that mere exposure could hardly bring about an 
increase in allergy; this could occur only if actual bacterial multiplication had taken place, 
either the result of superinfection with virulent bacilli or of reactivation of the BCG or- 
ganisms in bodies weakened by the abnormally unfavorable living conditions. 

Tuberculosis presented some interesting and puzzling clinical features among the men 
during and after deportation. The disease followed a rather torpid course in the under 
nourished patients, whereas a flare-up was often observed when refeeding was begun. 
This observation is explained as follows by the authors: 


As is well known, the tuberculin allergy may be reduced or even disappear in 
severe cachetic cases of tuberculosis. A possible decrease in allergy will result in 
a reduction of the cellular reaction which on X-ray examination is the most con- 
spicuous sign of the tuberculous process. If this view is correct, the flare-up of the 
tuberculosis during realimentation is only apparent and an expression of the re 
generated allergy and subsequent increased cellular reactivity. 


Surprisingly enough, one-third of the cases of tuberculosis did not become manifest 
until two to four years after repatriation, although all Danish prisoners returned to good 
sanitary and nutritional conditions. On the other hand, the prognosis for all the Danish 
tuberculous patients under study was far better than average 


During the five-year observation period only 5 deaths due to tuberculosis oc 
curred among the 62 unquestionable active cases of tuberculosis. This low mortal- 
ity has also been observed by other writers. As the patients were treated 
prior to the introduction of streptomycin, most of them have been cured by or- 
dinary sanatorium treatment, by which the general reduction of their resistance 
which had occurred during their stay in the camps has been overcome 


After repatriation following a relatively short period of internment (of the order of six 
months), it was found that the frequency of tuberculosis among the members of the Re- 
sistance Movement and of the Police Force was respectively “12 and 5 times as high as 
among the corresponding age groups of the male population of Copenhagen within the 
same period.” The differences observed between the Resistance Movement group and the 
Police Force may have been due, in part, to the fact that the latter enjoyed a better diet 
through a regular supply of Red Cross parcels, even though both groups were interned 
in camps of the same type where conditions of exposure were the same. Most of the 
Police Force prisoners, for example, were interned at the notorious Buchenwald camp. 
In general, it appeared as if the morbidity from tuberculosis depended more on the con- 
ditions during internment (nutritional deficiency and its attendant weight loss) than on 
the duration of deportation. 


However, from this it must not be concluded that starvation with its attendant 
reduction in resistance to infection was the only factor at work in the production 
of tuberculosis, since usually camps with the greatest degrees of dietary insuf- 
ficiency also otherwise provided the poorest sanitary conditions of life. It will, 
therefore, be very difficult to differentiate between the share due to the ex 
posure to infection and that due to the reduced resistance to infection 
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Granted these wise reservations, the facts reported leave little doubt that starvation 
was an important contributing factor to the severity of tuberculosis in the concentration 
camps. There have been published, of course, many epidemiological studies in support 
of the widely held clinical view that malnutrition increases susceptibility to tuberculous 
infection, but all these studies deal with highly complex situations difficult of analysis 
The case of the Danish prisoners has convincing value, dealing as it does with robust 
young men, removed from a country with high nutritional standards and extremely low 
tuberculosis rates, who developed severe disease when exposed under conditions of semi- 
starvation and overcame it (without the help of chemotherapy) shortly after their return 
to a favorable environment. Moreover, as already noted, tuberculosis among them was 
less prevalent in the group (the Police Force) whose diet was less drastically reduced 
It is worth noting that the observations made during the war, taken together with the 
results of studies in experimental animals, suggest that it isonly when malnutrition reaches 
an extreme degree that it is accompanied by an increased susceptibility to tuberculosis. 
This fact suggests that metabolic disturbances rather than specific nutritional deficiencies 
constitute the real link between nutrition and disease. 

It is impossible to convey in a review the magnificent quality of scientific workman- 
ship, and the depth and breadth of understanding, that went into the making of this 
book. Furthermore, the authors have brought to it more than medical knowledge and 
wisdom. They have carved their subject in the form of a social document, made out of the 
worst and the best in human behavior. Four of the authors were deported as participants 
in the Resistance Movement, and they experienced at first hand the horrors of concen- 
tration camps. Yet, only concern for the dignity of man, and never personal rancor, 
gives emotional color to their factual descriptions. In the midst of unheard of misery 
and sufferings, they succeeded in making an objective study of disease while serving as 


helpful physicians whenever opportunity presented itself. Their performance constitutes 
more than an important contribution to medicine; it is also a symbol of the hope that, 
despite the evidence of so much bestiality remaining in the world, man need not despair 


of mankind 
René J. Dusos 
New York, New York 


TUBERCLE BaciILLus AND LaBoraTtory Metuops In Tusercuvosis. By M. A. Soltys, 
C. A. St. Hill, and I. Ansell. Pp. 212, E. and 8. Livingstone, Ltd., Edinburgh and Lon- 
don, 1952, Price, $4.50 


According to the authors, “This book is an attempt to review the vast literature on the 
tubercle bacillus in an objective manner and to give practical details of laboratory methods 
in tuberculosis.’’ The result falls somewhat short of this goal, mainly because of the im- 
possibility of dealing adequately with the bacteriology and immunology of tuberculosis 
in the small space allotted to this subject in Part One (66 pages). In spite of the incomplete 
coverage of the literature and inadequate discussion and analysis, the choice of references 
for this section is good and the major emphasis is on recent work. As a very brief review 
of some of the more important aspects of our knowledge of the Mycobacteria, this section 
has considerable merit 

Part Two, which is concerned with laboratory methods in tuberculosis, is more ex- 
tensive and covers adequately the laboratory diagnostic procedures, the cultivation of the 
Mycobacteria, and the inoculation of experimental animals. There is also a brief discus- 
sion of the experimental chemotherapy of tuberculosis and the nature and uses of tuber- 
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culin. On the whole, this section is well done and should serve as a useful guide to the 
laboratory worker 
Guy P. YouMANs 
Chicago, Illinois 


BCG Vaccination. Studies by the WHO Tuberculosis Research Office, Copenhagen. 
By Lydia B. Edwards and Carroll E. Palmer, with the assistance of Knut Magnus. 
Pp. 307, World Health Organization, Palais des Nations, Geneva, 1953, Price, $3.00 


This monograph contains a series of reports on the study of BCG Vaccination by the 
WHO Tuberculosis Research Office during the period November, 1949, to September, 
1952. The research was done in connection with the international BCG vaccination cam- 
paigns among school children in four different countries. Various aspects of BCG vac- 
cination were studied, including the effects of long-continued storage, heat, light, changes 
in the technique of intracutaneous vaccination, variation in the preparation and con- 
centration of the vaccine, mixtures of living and dead bacilli in varying proportions, and 
the variability of vaccines prepared by different production centers. Practically all of 
these studies have been previously reported in various medical journals, and are already 
well known to workers in this field 

There is no need to review the results of these studies or the inferences the authors 
make from their observations since the volume is readily available. However, it is prob- 
ably important to emphasize that these studies have a significance beyond their specific 
results with regard to BCG vaccination. First of all, they indicate how much important 
fundamental research can be accomplished within the framework of a service program; 
this is a research potential which has too frequently been disregarded. Secondly, it points 


up the paradoxical situation where our ignorance of the basic biological actions of a vac 
cine far exceeds our knowledge, despite the fact that the agent has been used in various 
parts of the world for several decades. Last of all, it indicates how fruitful a quantitative 


approach can be when properly applied to observations in human populations 


The authors are to be commended on their presentation in the appendix of all the 
basic data upon which their analyses and inferences are based 
M. LILIENFELD 
Baltimore, Maryland 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


Report of Panel Discussion on Survival and Revival of Tubercle Bacilli 
in Healed Tuberculous Lesions 


The following represents the transcript of the panel session entitled “Survival and 
Revival of the Tubercle Bacillus in the Apparently Healed Tuberculous Lesions’’ 
held on May 18, 1953, at the annual meeting of the National Tuberculosis Associa 
tion in Los Angeles, California. 

The only editorial changes made have been minor ones, made solely in an effort 


to improve readability 


Dr. Gladys L. Hobby acted as moderator. 

Dr. Hopsy: Our pane! discussion today is on the survival and revival of tubercle 
bacilli in the healed tuberculous lesion. Our basic problem is: If a tuberculous lesion con- 
tains acid-fast bacilli which are visible on smear but no organisms can be recovered by 
cultivation on artificial media or by guinea pig inoculation, is one justified in concluding 
that the organisms are dead? That is our basic question for discussion today and, need 
less to say, this will involve discussion also of the evidence which is available now and 
the evidence which should be obtained in order that we may have a definitive answer 
to this question 

Before we proceed, I would like to introduce to you our panel members and then we 
will go ahead in a very informal fashion and see what information we can obtain on this 
subject 

At the far end of the table, at my left, Dr. Nicholas D’Esopo, Chief of Tuberculosis, 
West Haven Veterans Administration Hospital, West Haven, Connecticut; Dr. David 
Smith, Professor of Bacteriology and Associate Professor of Medicine, Duke University 
School of Medicine, Durham, North Carolina; on my left, Dr. Walsh MeDermott, As 
sociate Professor of Medicine at the New York Hospital-Cornell University Medical 
Center, New York City, and Editor of Tae American Review or Tupercuosis. On 
my immediate right, Dr. William H. Feldman, Mayo Foundation, Rochester, Minnesota; 
Dr. Sidney Raffel, Professor of Bacteriology and Experimental Pathology, Stanford Uni 
versity School of Medicine, Stanford, California; Dr. Oscar Auerbach, Pathologist, East 
Orange Veterans Administration Hospital, East Orange, New Jersey; and at the extreme 
end, Mr. William Steenken, Jr., Director of the Trudeau Laboratory, Trudeau, New 


York 
We will now go ahead being very informal, and I think that we might suggest that 


the panel members use first names only so as to avoid confusion. We won’t remember 
to be formal so there is no use trying. Please bear in mind that, if we speak directly into 
the microphone, it will be easier for the audience and for those who are trying to get an 


informal record of this discussion 
I think we might start our panel discussion by trying to orient ourselves a little bit 
as to what has been done up to the present time,—-what the present situation is. Nick, 
if I understand it correctly, the study of the bacteriology of the resected lesion was first 
started at the Sunmount VA Hospital. Can you tell us very briefly how you came to 
undertake this study? 
177 


478 AMERICAN TRUDEAU SOCIETY 


Dr. D’Esoro: Our study started in 1948, in the fall of 1948; it was primarily a bac- 
teriological study in which we tried to answer the question: Does PAS when given with 
streptomycin over a prolonged period significantly alter the sensitivity of bacilli to 
streptomycin. It was a long-term study of streptomycin combined with PAS. We soon 
acquired a group of patients who had come to the point where cavities were closed, the 
cultures were persistently negative, and X-rays were stable. A great majority of these 
patients had negative cultures, so we were actually thwarted in our original study of 
the bacteriology of the organisms in the sputum, that is, of the sensitivity of those organ- 
isms. It was at this time that Dr. Medlar, who was then our pathologist, suggested that 
these lesions be resected. He thought they were necrotic residual foci and should be re- 
sected. This we did, and he was entirely correct; these lesions were necrotic; many of 
them were filled-in cavities; and most of them contained large numbers of bacilli which 
could be stained and which looked perfectly normal. These tubercle bacilli were first 
cultured for the purpose of determining their streptomycin sensitivity. We have not 
been able to determine their sensitivity because the cultures were negative. Much to 
our surprise, the bacilli did not grow out. In some cases the numbers of bacilli were very 
great. This was actually the beginning of the study and from then on it was a question 
of selecting the numbers of cases and actually running the bacteriological studies. In 
brief, one might say that the only real correlation between nonviability and the lesions is 
the closure of cavities; if the cavity has closed, it is difficult to grow the bacilli in the 
great majority of cases. 

Dr. Hossy: Then, this is really the outgrowth of the long-term treatment of patients 
with streptomycin and PAS, is it not? 

Dr. D’Esopo: Yes, it all started with the attempt to determine how PAS affected 
the sensitivity of organisms over prolonged periods of time. 

Dr. Hosppy: How many lesions have you had a chance to study, Nick? 

Dr. D’Esoro: About 175. 

Dr. Hopsy: And your percentage of positive cultures is about what? 

Dr. D’Esopo: Well, we found that when patients are treated up to 8 months, they 
yield about 10 per cent, that is, about 10 per cent of these lesions have viable bacilli, 
emphasizing again the criteria of resection—those cavities with persistently negative 
cultures and stable X-rays. 

Dr. Hossy: About 10 per cent are positive by culture, and how many by smear? 

Dr. D’Esopo: About 75 per cent. After the eighth month, if the case is treated with 
daily streptomycin and daily PAS, we did not have a single lesion yielding viable bacilli. 
In the cases receiving streptomycin twice a week, we have had some after the eighth 
month. 

Dr. Hopsy: Are these the lesions, Nick, which you normally or frequently speak of 
as the “target point lesions”? What do you mean by that term? 

Dr. D’Esopo: These lesions were resected at a point which we define as the “target 
point,” for want of something better; a point at which the cavities are closed, the cultures 
have been negative for several months, and X-rays have been stable. It is at this point 
that the lesions are resected and it is at this point that we are trying to make a correla- 
tion between the bacteriology and the pathology. 

Dr. Hossy: Oscar, can you give us briefly a little picture of the pathology of these 
lesions of which we are speaking? 

Dr. Aversacn: I think the lesions which the pathologist now sees in the closed 
cavity to which Nick just referred are quite different from what we used to see in the 
pre-chemotherapy days. In the pre-chemotherapy days, the cavity closed, the bronchial 


AMERICAN TRUDEAU SOCIETY 179 


outlet became obliterated, the contents became inspissated, and, by and large, that was 
the end of that picture. The calcium would be deposited and the cavity walls would 
become hyalinized. In the long-term chemotherapy cases, we see that the cavity wall 
closes; the bronchus leading into the cavity undergoes re-epithelialization. The lumen 
of the cavity diminishes in size. There is healing of the cavity wall but, in contrast to 
the pre-chemotherapy days, there is now a bronchial outlet. We have also seen cases 
under prolonged chemotherapy in which, even after the contents became calcified, late 
liquefaction occurred and evacuation of the contents was observed. So that, in the main, 
the difference is that cavity closure is present in both instances but now there is a bron 
chial outlet leading to the cavity. 

Dr. Hopsy: Am I correct, Nick, that all of your cases are patients who have had 
chemotherapy? 

Dr. D’Esopo: No, we have had a few people who, principally for diagnostic reasons, 
were resected without chemotherapy—older people in whom a diagnosis of carcinoma 
had been obtained—and we have several where bacilli were also nonviable, so that we 
have said that the nonviability of tubercle bacilli is not directly related to chemotherapy 

Dr. Hopsy: Now, before we go any further in our discussion, I think it might be of 
interest to make a few statements about the work which has been done by others who 
are not represented on our panel. At the VA meetings last February, there were six 
hospital groups, including Dr. D’Esopo’s, who reported on the bacteriology of the re- 
sected lesion. I have tried to tabulate the data from these six hospitals and, in doing so, 
we must recognize the fact that not everyone has described the lesions in the same ter- 
minology, not everyone has described the bacteriology in full detail, so this may not be 
an exactly accurate statement of the picture, but it is a general statement anyway. In 
the first place, 515 resections were reported by the six hospitals. Bacteriological studies 
were conducted on 661 apparently closed cavities. Of these, more than 346, or approxi- 
mately 52 per cent, were reported as positive for acid-fast bacilli by smear. The remain- 
ing patients were not reported as to what the smears showed. Only 85 of these, or 12.8 
per cent, were reported as positive for acid-fast bacilli by culture and/or guinea pig 
inoculation. Now there are only 23 apparently open cavities which were described. Of 
these, 70 per cent were reported positive by smear and 74 per cent by culture or guinea 
pig inoculation. So we have there, I think, abundant confirmation of what Nick has 
been saying so far; abundant confirmation that, at the present time, with the technical 
methods used so far, there is this type of lesion which shows organisms on smear but 
from which one cannot cultivate them. 

I think it would be of interest to examine briefly, if we can, what the situation is in 
those patients who have not had chemotherapy. Bill Feldman, do you have some in 
formation on that? 

Dr. FetpMANn: This problem which has become so terribly important in the last few 
years is by no means a new problem. As a matter of fact, for more than fifty or seventy 
five years it has been observed by careful workers that, in a considerable percentage of 
all lesions in which there was retrogression, there were tubercle bacilli or so-called tu 
bercle bacilli, these organisms being bacillary forms which one could not culture and 
which were unable to produce progressive tuberculosis in a susceptible animal such as a 
guinea pig. I recall particularly the really comprehensive study of A. Stanley Griffith 
published in 1929, something over 300 cases, which entailed this sort of study. I re 
member this was in the pre-chemotherapeutic era. None of these patients received what 
we now consider to be specific chemotherapy. Of the something over 300 cases, there 
were 176 specimens in which they were able to demonstrate the presence of these acid-fast 
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bacillary forms, but were unable to produce any sort of what we recognized to be tubercu- 
lous disease or guinea pig lesions. About 97 of these tissues, if I remember correctly, were 
negative by culture. So you see it is not by any means a new problem 

Dr. Hossy: I understand that none of us have been talking loud enough for the 
microphone so we will all have to speak up a bit. 

Is there other information or do any of the rest of you have information on patients 
who did not have chemotherapy? 

Dr. Fevpman: I'd like to finish; just another short statement. Some eight or ten 
years ago we studied a series of 29 children who died of causes other than tuberculosis; 
their ages were from about three months up to fifteen years. We were interested in the 
potential residual infectivity of the primary Gohn complex. None of these patients, as 
you can imagine, had any chemotherapy ; in fact, that was before the era of chemotherapy. 
Of these 29 patients there were only 4 in whom we were able to demonstrate living tubercle 
bacilli which produced tuberculosis in guinea pigs. Despite the fact that all this material 
was also cultured, in only 4 were organisms present which were actually capable of pro- 
ducing tuberculosis in the guinea pigs. In 3 cases in which the caseous material showed 
microscopically typical acid-fast organisms, none of these 3 produced any evidence of 
tuberculosis in guinea pigs. These of course were in the group other than the 4; they were 
in the 25 in which we were unable to show the presence of living tubercle bacilli. This is 
another example, then, of the fact that this is not by any means a new problem. 

We have another series of 66 cases, adults showing again the primary complex, and 
there was no evidence that these patients had received any specific treatment at all. In 
only one of the 66 cases could we demonstrate living tubercle bacilli by guinea pig in- 
oculation. Thank you 

Dr. Hossy: Is there other evidence of this? 

Mr. STeenkeN: May I ask Dr. Feldman a question? At that time did you consider 
those organisms which you saw by smear, but with which you could not produce disease 
or growth; did you consider them dead? 

Dr. FetpMan: Well, to me they looked like any corpse; one wouldn’t know. 

Dr. Hossy: Bill, you’re asking for the answers before we get all the proof. 

Mr. Sreenken: I don’t want the answer. I just want a commitment because it will 
help in the end 

Dr. McDermorr: Gladys, may I make a comment? Bill Feldman has made a point 
that this is a problem of some duration. I would also like to make the point that it is 
not a problem unique to the tubercle bacillus. I am sure that everybody realizes that, 
but I think that the point should be made. Ever since the introduction of powerful anti- 
microbial agents we've all had the experience of patients, with pneumococcal pneumonia 
or what have you, who have had some antimicrobial therapy before cultures have been 


taken, presenting a situation in which one can see structures which resemble microbes 
on stained smear, but in which the exudates do not give organisms upon culture. For 
example, many of Dr. Tillett’s pneumococcal empyemas in the streptodornase studies 
yielded stained pneumococcus-like organisms with sterile cultures. It is a problem which 
runs through the whole breadth of antimicrobial therapy and is not unique to tuber 


culosis 

Dr. Hopsy: Are there any other comments that any of you would like to make? 
I believe that Dr. Yegian has reported a few cases recently. Dr. Katz from the Brooklyn 
VA Hospital has also, and I believe that they have presented evidence which fits in with 
what has just been said. So there seems to be an abundance of evidence that these lesions 
do exist both in the drug-treated and the nondrug-treated cases under suitable con 


ditions. Do you agree with that Oscar? 
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Dr. Aversacu: Yes 

Dr. Hossy: I think we might, with that much background about the type of lesions 
and the situation that exists today, turn to the microbiological aspect. Needless to say, 
the minute you find that you can see organisms but cannot make them grow, the ques 
tion arises whether they are really dead or whether we just don’t know how to handle 
them; and certainly, by all the evidence available at the present time, one would assume 
that they might very well be dead, but it is certainly very interesting and stimulating 
for us to examine this situation. I think we might start doing so by, first of all, outlining 
what has been done from the microbiological standpoint up to the present time 
Since Bill Steenken has had most experience in this regard, I believe we will start 
with a few questions in that direction. Bill, how many lesions have you had a chance to 
study? 

Mr. Steenken: Well, I have been associated with Dr. D’Esopo in his study from the 
start, mostly from the bacteriologic side, and we at Trudeau have studied lesions from 
Sunmount, Trudeau, and from Saranac Lake and I have studied over a hundred lesions 
so far. Of course, these lesions have been of all types. Those that were “non-target point” 
lesions and those that were “target point’”’ lesions 

Dr. Hossy: What part of the lesion have you selected, Bill, for study, the central 
necrotic portion, or the wall of the cavity, or both, or just what? 

Mr. STEENKEN: Well, I think most of you know that I wasn’t satisfied with the 
pathologist taking what he wanted and then passing on the rest to the bacteriologist, 
I felt that we knew enough about the pathology at present and since the attack is mostly 
upon the etiologic agent, the tubercle bacillus, we therefore have studied the whole lesion 
whenever the pathologist would let us have it 

Dr. Hossy: When you have had the opportunity to study these lesions, in that 
fashion, about how many organisms have you seen on smear? Are they numerous, or 
sparse, or just what? 

Mr. STEENKEN: Well, they vary. In many of them you can’t find any organisms, 
and in some you find a few, and in others you find myriads of acid-fast organisms 

Dr. Hossy: By myriads, what do you mean? Do you mean 2 or 3 in a field, 100 per 
field? Or what? 

Mr. STEENKEN: No, I mean the old Gaffky scale, so many that they are uncountable 

Dr. Hopsy: Okay. Now in handling your lesion, Bill, from then on are you homog 
enizing or digesting? What is the situation? 

Mr. STEENKEN: The situation, as you all know, in trying to recover tubercle bacilli 
from any type of diagnostic material is to subject it to the least amount of chemical 
digestion or treatment that is possible. We know that secondary organisms are practically 
nonoccurring in most of these solitary tuberculous lesions and filled-in cavities which be 
come inspissated, so all of these lesions are cultured and inoculated directly into guinea 
pigs. In many instances we have also subjected the same material to culture and guinea 
pig inoculation after digestion with the minimum amount of sodium hydroxide 

Dr. Hospy: Are these suspensions of digested tissue washed in any way? 

Mr. STEENKEN: Well, the point has come up recently that, if we would treat these 
lesions with albumin, we would be able to neutralize the fatty acids, as Dr. Dubos has 
shown. In our early work we were trving to culture all of these organisms in the Tween 
albumin medium. However, the incidence of positive growth there wasn’t even as great 
as on solid media. More recently, it has been stated that, if we had added albumin in 
higher concentration, we probably could have revived many of these organisms which 
we hadn't been able to revive otherwise. We have taken many of these so-called “target 


point” lesions and treated them with albumin and then cultured and guinea-pigged them 
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and to date we have not been able to “revive” any of these dead organisms with this added 
procedure. 

Dr. Hopspy: What media have you used, Bill? 

Mr. STeenken: Well, we have used the Tween albumin medium, Proskauer and 
Beck’s synthetic medium, and blood agar media as well as media with silica incorporated 
in it. We have tried, of course, the well-recommended media which have been evaluated 
over a long period of time, such as the ATS medium. 

Dr. Hossy: So, in other words, you have tried quite extensively all of the various 
standard techniques that are usually accepted as suitable for cultivation of the tubercle 
bacillus. Is that correct? 

Mr. STEENKEN: Yes. 

Dr. Hopsy: And have failed to do so, so far, in a significant percentage of instances. 
Well, now the question, of course, comes up, as we said before, what does this mean? 
Here we think we have perfectly good cultural techniques and yet they fail to allow for 
growth of organisms which can be demonstrated by smear. Bill, you would say that 
these are perfectly typical organisms so far as you can tell morphologically? 

Mr. SteenkeEn: Yes, they are typical and, of course, it brings up the point right now. 
I believe that the organisms survive in an intact stainable state but the revival of them 
has not been accomplished and is still questionable in my mind. 

Dr. McDermott: I’m sorry, I didn’t hear that Bill,—you say you believe the organ- 
isms revive. 

Mr. Sreenken: They survive. 

Dr. McDermorr: Survive. 

Mr. SteenkeN: Don’t get me on the loose there. We set up an experiment as soon as 
we found out that we could see stainable organisms and still could not culture them or 
produce disease, an experiment to answer the point of how long organisms could remain 
stainable in the body and still not be culturable. We made a suspension of tubercle bacilli 
which we killed by heat, as well as one of the H37Ra strain, which is an avirulent living 
organism which will only produce local nonprogressive disease. We found that by inoculat- 
ing these suspensions intratesticularly and subcutaneously we could produce local caseous 
lesions and that after one year and a half we have been able to remove these caseous 
lesions and still find myriads of acid-fast organisms in the lesions in which we had inocu- 
lated the dead bacilli as well as in those animals which were inoculated with living aviru- 
lent bacilli. As time went on the incidence of growth or the number of tubercle bacilli 
which we could grow from the lesions of the guinea pigs which were inoculated with the 
living avirulent bacilli has become progressively less until at present we are only growing 
an occasional colony but still on smear we see many stainable acid-fast organisms. 

Dr. Hossy: I'd like to go back to one point which we mentioned very briefly a minute 
ago, namely, the site of the lesion which is taken for culture. The reason I go back to 
this is that in my own very limited experience, and it is extremely limited in contrast 
to Bill’s, we have felt that there was a considerable difference in the number of stainable 
organisms, depending on whether you were trying to stain them in the necrotic portion 
of the lesion or in the wall of the lesion. Oscar, would you like to comment on that a bit? 

Dr. Aversacs: I think it’s a well-known fact that, when you have a cavity wall, 
there are soft yellow areas attached to the inner lining and that, if you were to make a 
smear of this material, it would almost certainly seem like a pure culture of tubercle 
bacilli, and this material removed and inoculated into guinea pigs would produce very 
extensive lesions in these animals. I’m talking now of open cavities, so that the material 
will be—or the bacilli will be—present in the soft yellow zones along the inner surface 
of the cavity. 
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Dr. Hossy: Walsh, am I correct that you or some members of your department 
have been studying the difference in various portions of the lesion and in the viability 
of the cells? 

Dr. McDermott: We haven’t done any work specifically on that point, Gladys. 
Canetti of course did very extensive studies which support your statement, namely, 
that the particular area of the lesion makes all the difference in the world as to the num- 
ber of bacilli. Bill Steenken has made the point that in his observation he uses the whole 
lesion. I would like to ask Bill a question, if I might, and that is, has he done experi- 
ments with heat-killed tubercle bacilli in which he did not add the R1 strain; in other 
words, in which he just dealt with the single culture? 

Mr. STEENKEN: Walsh, I didn’t want to get you mixed up there; but what I meant 
was that we took two different series of guinea pigs. For one we used the dead bacilli 
and for the other we used the living attenuated ones. The reason we did that was be- 
cause we thought we would be left open to criticism in that when we killed an organism 
by heat, we would coagulate the organism to such a state that the autolytic enzymes or 
other enzymes would not have been able to break down the tubercle bacilli or their acid 
fast property. 

Dr. McDermott: I’m still not clear, Bill,—but I don’t want to belabor this point— 
but have you evidence that tubercle bacilli killed by very rough handling but ones 
which have maintained their integrity as acid-fast rods,—have you evidence that such 
acid-fast rods can persist for a long period in the tissues of a mammalian host? 

Mr. STEENKEN: The only proof that I have is by animal experimentation. We have 
not put them back into humans to find out whether they will survive there. These organ- 
isms we know, as far as the guinea pig experiments go and as far as rabbit experiments 
go—do you want me to talk about that now, Gladys, or later. We have tried to set up 
types of tuberculosis identical to what you see in human beings by infecting rabbits by 
inhalation. We have a few of these rabbits with chronic cavitary tuberculosis treated for 
a year in which we have brought about the resolution and organization of disease. We 
have removed those rabbits from chemotherapeutic treatment, and after six months to 
a year we have not seen any relapse of disease in these rabbits, although by X-ray you 
can see these well-localized caseous lesions. We have killed off many of these rabbits 
and we have taken each one of the lesions separately, as many as 8 lesions in any one 
rabbit, and have inoculated each one of those lesions into many guinea pigs, and we have 
cultured them on various types of media; they contain many bacilli (the bacilli vary 
from the lesions but some of them contain many bacilli) and we have not been able to 
grow these organisms or produce disease. We have always been criticized and many 
say that, if we put these organisms back into the human body or a nonsensitized host, 
probably they would produce disease in the humans. So, in order to meet this challenge, 
we have had to create our own environment, that is, we are working with the rabbit, 
we use the bovine organism, and we have been able to duplicate the situation experi- 
mentally and know what we are dealing with from day to day. We know when the lesion 
starts, we know when we take it out, and we find the same thing, namely, that we can- 
not grow these organisms or produce disease in the same identical host. 

Dr. Hossy: Bill F., do you have anything you’d like to add at this point? 

Dr. FetpmMan: No, I think we’ve got plenty of smog at the moment. 

Dr. Hopsy: I’m beginning to wonder, in view of Walsh’s question, if we really know 
how to kill bacteria or if we ever kill them 

I think we might go on now and think about some of the possible—and I say possible 
advisedly, as we have no reason for criticizing present techniques—but some of the 
possible loopholes in the procedures which we have used so far. Bill Steenken has spoken 
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in terms of digesting tissue with sodium hydroxide. Some of us are using Waring Blendors 
or homogenizers. I wonder what the relative merits of these techniques may be? Dave, 
in relation to the work that you have done on the metabolism of the tubercle bacillus, 
would you have any thoughts concerning the effects of traces of metals or of the quantities 
of sodium hydroxide used on these cells? 

Dr. Samira: Well, it’s been known for a long time that sodium hydroxide does kill or 
render non-cultivatable a considerable number of the bacilli that are present in ordinary 
sputum cases. Dr. Dubos really raised the question at the meeting down in Atlanta 
that either acid, or alkalis, or peptones, or other things which are present in the caseous 
material may be adsorbed onto the surface of the tubercle bacillus in such a manner 
that the organism will not grow. That is why we all were calling these dead bacilli until 
Dr. Dubos threw this one in and we had to admit that we couldn’t prove that they were 
dead. All we were proving was that they weren’t growing. Now, it would seem as if it 
should be a very simple matter to see if these organisms have a normal metabolism. You 
see them in large numbers, if you put them in a Warburg apparatus—somebody who 
knew how to run it. I don’t, but Dr. Pope down in our laboratory does, and has been 
measuring day after day metabolic effects with known cultures of tubercle bacilli. Well, 
when I discussed the problem with her, to my disappointment I got the information 
that the small number (they are many as they appear by the microscope) but the small 
numbers present in the lesions are entirely too few to be used in Warburg studies to 
learn about their metabolism. So it doesn’t look hopeful from that point of view. I might 
add that perhaps Dr. Buddingh’s new technique of growing tubercle bacilli in egg yolk, 
as was developed down in New Orleans, should be tried by somebody as another elimi- 
native test. He’s done about 150 cases now, comparing cultures and guinea pigs and 
cultivation in the egg yolk, and they correspond exactly; he gets no false positives and 
the amazing thing is that in four to six days—always in less than 10 days— you can get 
a good growth in the egg yolk of the living embryo. Now that would give one more en- 
vironment in which a sick tubercle bacillus might recover and be moved out of the class 
of dead ones. 

Dr. Hopsy: Would you like to elaborate a little bit more, for the benefit of those who 
are not familiar with Dr. Dubos’ work, on what these various substances are which he 
has spoken of as inhibitors? 

Dr. Samira: I couldn’t follow him beyond a certain point, I got lost. 

Dr. McDermorr: Well, one of them is lactic acid, for example, which is present in all 
inflammatory tissues and which is incredibly active against tubercle bacilli in very 
minute amounts 

Dr. Honsy: As I understand the situation, Dr. Dubos feels that there are various 
organic acids, including lactic acid, which accumulate in and around the tuberculous 
lesion as a result of the anaerobic metabolism of the inflammatory cell, and also perhaps 
as a result of the activity of certain lipolytic enzymes which he believes are released 
during necrosis. He has also, as I understand it, demonstrated that there is a basic poly- 


peptide which is present in some tissues which may or does inhibit growth of the tubercle 


bacillus. Of course we are all familiar with lysozyme which is active in concentration of 
around 1:100,000—a very small concentration—and at the same time never actually 
kills the cells. And then of course the work which has been done primarily, I believe, 
by Dr. Hirsch in association with Dr. Dubos on spermine and spermidine, both of which 
become inhibitory to the tubercle bacillus after being modified by an enzyme which 
exists in the tissues and is known as spermine oxidase. These, I think, are some of the 
factors which Dr. Dubos has been particularly conscious of and has felt may interfere 
with our cultivation of these organisms. Sidney, would you like to add anything to that? 
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Dr. Rarret: Unfortunately, this is the first time I’ve thought of anything to say, 
and it may create a little bit of dissention here in the Committee. I don’t think that 
lactic acid, according to either Dr. Dubos or other persons who have worked with it, is 
very inhibitory for tubercle bacilli in minute amounts. In fact, it is inhibitory in very 
large amounts only—about 0.45 per cent—an amount which, so far as I know, has never 
been found to accumulate in any tissues. I think, though, that a major factor here, as 
Dubos has pointed out, is that small amounts of lactic acid do become effective as in 
hibitory agents when the oxygen tension is very low. Of course, that now suggestively 
brings us closer to what might happen in closed lesions. As a matter of fact, Loebel, 
Richardson and Shors and others—and currently we also during the past couple of years 
have found that without any organic acids at all and simply a low oxygen tension—some 
thing that approaches anaerobiosis although it doesn’t actually have to be absence of 
oxygen—suffices to kill tubercle bacilli. That is, if we know what we mean by kill. It 
suffices to render tubercle bacilli noninfectious and noncultivatable within a period of 
about three or four weeks outside the body. This is in a liquid medium; of course, it also 
has been done on solid medium; and this matter simply of lowered oxygen tension seems 
admittedly to be a very central point. There are other things, obviously a great many 
things, that accumulate in the cavity, and organic acids are among them. These may be 
produced more in a necrotic cavity than they would be in viable tissue or even in inflamed 
tissue, or they may not. I think perhaps they are. But, if they are, this also would depend 
first upon the lowering of the oxygen tension. So here you have two factors, at least | 
think there are two factors, which might give us the kind of results which have been 
described here this afternoon, a low oxygen tension which in itself appears to be lethal, and, 
in addition to that, some of these other factors which help along lethality 

Dr. Hossy: Thank you, Sidney. I think that, in all fairness to Dr. Dubos, we should 
say that Sidney has brought out the point which I believe Dr. Dubos would have put 
first in his discussion, whereas we failed to do so. He has emphasized over and over 
again the importance of the degree of oxygen tension, so that it is well worth while to 
keep this in mind. 

Dr. McDermorr: And the pH; that is, Sidney quite properly corrected me when I 
said that incredibly small amounts—it all depends upon the pH, which in a lesion is in 
a sense a function of the oxygen tension to a certain degree. Do you agree with that, 
Sidney? 

Dr. Rarrer: Yes 

Dr. Hopsy: Nick, if I remember rightly, you did some studies also to demonstrate 
whether or not any of the antimicrobial agents which were used in treating these pa 
tients could be detected in these tissues. Is there enough there to perhaps inhibit these 
cells? 

Dr. D’Esopo: We didn’t do that work, Gladys 

Dr. Hopsy: Do you recall the work of Dr. Weiser which was reported at the last 


VA meeting? If I remember rightly, he showed that the concentration of streptomycin 


depends largely upon the time at which surgery is done in relation to the last dose of 


the drug. Nonetheless, he was able to demonstrate concentrations as high as 10 to 20 
y per ml. of his tissue suspension. I do not recall just how he suspended his tissues so 
that a concentration in terms of volume is perhaps not too clear; but, nonetheless, there 
were very definitely demonstrable quantities of streptomycin still residing in the tis 
sues, and, of course, that in turn might have some inhibitory effect upon these cells 

Mr. STEENKEN: Gladys, that would only be effective as far as culture goes, but, as 


soon as you put that material into animals, that small amount of drug soon dissipates 


486 AMERICAN TRUDEAU SOCIETY 


itself and the organism would then have a chance to produce disease. We have taken 
much of this material and washed it several times to be sure we rid it of any small amounts 
of residual drug. You must remember that even in patients who do not have closed 
lesions, who are taking drugs, there is a fair amount of drug still in the sputum and by 
ordinary cultural techniques, in most of the cases, we are able to grow the organisms or 
produce disease in animals. 

Dr. Hossy: I think that’s very true, Bill, but is there not a possibility that the con- 
tact of these organisms with the antibiotic, at the same time that they perhaps are in 
contact with some of these other growth-inhibitory factors which we have mentioned, 
might slow down their metabolism so that they would revive with less ease? 

Mr. Sreenken: I mean, if its speculation; I have no proof. 

Dr. D’Esopo: Dave, what would you say on that, as one who has studied the me- 
tabolism of cells? 

Dr. Suir: Yes, that’s speculative, but I don’t see how we can get a hold of him. I’d 
like to make a general biological remark here. If you inoculate a few human tubercle 
bacilli into the guinea pig, the animal almost invariably dies. If you inoculate consider- 
ably larger numbers of human tubercle bacilli into a rabbit, the rabbit will survive. He 
would eventually kill off all of those tubercle bacilli. Dr. Burke’s studies, where he fol- 
lowed the rabbits for some years after a very large dose inoculated intratracheally, 
showed that the rabbit has the capacity of eliminating the tubercle bacilli. As I recall, 
in many of these animals on serial section there was no evidence that there had ever 
been any tubercle bacilli there. Yet there were perfectly good X-ray lesions at one time. 
Now the man is not like the guinea pig. The man is more like the rabbit. You can kill 
all of a series of rabbits if you give a large enough dose of human tubercle bacilli. You 
can have practically all of the rabbits survive if you give a sufficiently small dose, and 
the bacilli are eventually eliminated in those rabbits. Now, man is, as I say, much more 
like the rabbit, and there is probably a basic mechanism, first, for arresting the multi- 
plication of tubercle bacilli in man; second, rendering them noncultivatable and non- 
infectious, and, finally, eliminating them altogether. We probably just accelerate this 
natural mechanism by our antibiotic therapy; and for practical purposes, not being a 
real expert, I think these bacilli are dead. 

Mr. STeenken: agree! 

Dr. Hoppy: Well, we have two answers anyway out of the eight of us. 

I can’t resist the temptation to pick up at that point. Dave has brought up the ques- 
tion of how many cells are being inoculated into these animals, and I know Bill Steenken 
speaks of them as being numerous in number. Some of the rest of us have felt that they 
were a little more sparse than that; but I just wonder what the situation is with regard 
to other microorganisms. If one were to inoculate a culture medium or even the animal 
host, a susceptible animal, with small numbers of cells, say in the vicinity of 1 to 10 
organisms per tenth of a ml. or some such volume, how often would these grow in culture? 
How often would they produce disease? Sidney, would you like to comment on that 
in relation to some of the other bacterial species? 

Dr. Rarre.: Well, I can mention a few examples. I haven’t rehearsed this point. The 
anthrax bacillus, I think all the bacteriologists here will agree, is supposed to be the 
prime example of a highly infectious agent, a case in which one viable organism is sup- 
posed to produce in a susceptible host progression to death. The pneumococcus is an 
organism which has also been taken out of a medium by single-cell isolation methods 
and put into proper animals and will cause death. Now you are talking about culture. 
I think the bacteriologists in general feel that, for what we call ordinary bacteria, each 
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colony which grows on a plate, for example, represents a single bacterium, so that, al- 
though there must be some accidental occasion on which an organism falls by the way, 
generally speaking each individual cell produces a colony. 

Dr. Hossy: Do you recall offhand, so far as the people who have done single-cell 
isolations are concerned, with what degree of frequency they lose the cell due to what 
we sometimes speak of rather loosely as a “drowning effect’? I was under the impres 
sion that the batting average was not better than 50 per cent, if that high, of cells that 
could be made to multiply. 

Dr. Rarre.: I don’t have a statistical impression on that. 

Mr. Steenxen: Dr. Hobby, we don’t have to resort to other bacteria, because in 
my early days I did a lot of single-cell work when I was trying to work with the medical 
students to find out how soon people would show skin hypersensitivity if they had received 
smal] numbers of organisms. So by the microdilution methods, I was able to pick a single 
organism, five and various numbers, and then plate them and see how many of them 
would grow. And, although I’d say I had picked 5 or 10 organisms which I knew were in 
the microdroplet, as checked by the fluorescent staining technique, we were never able 
to grow the actual number that we fished, because we never knew if we were picking 
living or dead organisms. And we had no vital stains which would tell us whether an 
organism was living or dead. 

Dr. Hossy: So you feel that the percentage of viability of the cells or reproducibility 
of those cells would be fairly high, and that they would all multiply? 

Mr. STBENKEN: No. I don’t. 

Dr. Hopsy: You feel they would not. That has been our impression, at least some of 
us, that we were working perhaps with a relatively smaller number of cells and that by 
the law of averages they might not always multiply in artificial media. That’s just a 
personal impression. I don’t know whether the others would agree. 


Dr. SmirH: Dr. Hobby, I think we are getting lost here. It is well known that 
bacilli in the ordinary case of tuberculosis, in the fresh case—bacilli which are present 
in too small numbers to be seen by smear at all—regularly produce tuberculosis in the 
guinea pig. Here our real problem is that the bacilli are present in large numbers by 
microscopic smear and, when you use an appreciable amount of that tissue, you are 
using an enormous amount and those have failed to grow and have failed to produce 


disease. 

Dr. Hossy: Well, that’s our point, Dave. Are they in large numbers? 

Dr. Samira: Well, let’s go back to Steenken, because he didn’t answer the question 
which I want answered. As I recall, Petroff was able to kill guinea pigs with 10 human 
tubercle bacilli. And then we will ask him how many he thinks he inoculated and make 
some calculations from these smears and the amount of material he put in and failed 
to get growth. 

Dr. Hossy: Bill, is there anything you would like to say on that? 

Mr. STeENKEN: Well, along with the culture work which we did on single cells, we 
also made small incisions in the inguinal region of the guinea pig because the micro 
pipettes are so fragile that one cannot stick them through the skin—but we would drop 
the microdroplets into the incision and then suture up the incision. And with as few 
as one organism at times, or five organisms, we were able to produce generalized tuber- 
culosis in animals—and eventual death. Now, when you use small numbers of tubercle 
bacilli to infect a guinea pig, you get a slowly progressive disease; it’s not a rapidly pro- 
gressive disease. The animal becomes vaccinated at the same time that the disease pro- 
gresses. Therefore, you get more of a chronic type of tuberculosis and it takes a much 
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longer period of time before the animal dies of tuberculosis. When you examine a smear 
as closely as I can calculate—there are about 300,000 microscopic fields to be examined. 
And in any single microscopic field, when you say they are “uncountable” or there’s a 
Gaffky X, that means you've only taken a small amount of the specimen, a speck of the 
specimen, to put on the slide—so in that material you have billions of organisms. And 
that is one of the things that has bothered me in this whole problem. When you are 
dealing with the chance that these organisms may still be living out of a population of 
billions of organisms, we should be able to produce disease in animals or we should be 
able to grow these organisms. And, it’s hard to believe that, in a population of organisms 
as great as that, a drug has so-called sterilized these organisms, or put them into the 
Dubos-state, such as the rooster who has been castrated and becomes a good big capon. 
I mean, we don’t know how to do that with the tubercle bacillus. On the other hand, I 
just feel that, when you see populations like that which you can’t grow and with which 
you can’t produce disease even after the drug has been removed for a long period of time, 
[ still agree with Dr. Smith that they are dead. 

Dr. McDermort: Dr. Hobby? 

Dr. Hoppy: Yes 

Dr. McDermorrt: I think we might liven this up. I wonder if the microbiologists 
realize the implications of what they are saying. If things are as they say they are, then 
they have attained a biologic cure of tuberculosis in an individual patient. In other 
words these bacilli are dead, they are no longer parasites, the problem in the lung is 
nothing but that of a foreign body which can be handled with phagocytic cells and calci- 
fication. Moreover, in terms of the patient, it doesn’t make a bit of difference whether 
some of them are dead as long as some of them are alive. And we have been talking thus 
far in “all or none” terms. I gather that it is Dr. Smith’s opinion and Bill Steenken’s 
opinion that, in these lesions which have been emulsified and injected into animals, all 
of the bacilli are dead. If they are not, there remains in comparable lesions which were 
not resected viable bacilli potentially capable of producing disease. Now in so far as 
the number of bacilli which are concerned to produce disease in animals, I think it would 
be giving a grossly wrong impression if we gave the idea that it was all quite as nice as 
we have heard. Everybody knows that, if you change a parasite from one type of environ 
ment to another, it does not always survive so well. We have been talking about | to 10 
bacilli taken out of a culture medium, in a nice laboratory, by a good worker, when the 
wind is right, everything is perfect, and putting that in animals; and what we are talking 
about in lesions is taking a “beat-up” lesion with all these things in it which have been 
discussed, perhaps with some drug, perhaps the bacilli have drug in their enzyme systems 
which can’t be washed off; we have a wide variety, a heterogeneous population, and we 
can’t say whether it takes | or 10, it may take 100,000 in those circumstances. So, how 
ever much I would agree that the single cell observations are “the only wheel in town,” 
I do not believe that they are strictly germane to the problem of whether all or none of 
the bacilli in the lesion are capable of producing disease 

Dr. Smita: Dr. Hobby, I'd like to get back in on this. My statement that these lesions 
with large numbers of stainable bacilli which, when cultivated in a proper medium or 
inoculated into animals, will not grow, those bacilli then are the ones that didn’t grow 
Now, I would like to emphasize again from a slightly different point of view what Dr 
McDermott was saying. You have no assurance whatever that another lesion which 
you left in that man, which is very much smaller than the one you took out, doesn’t 
contain living bacilli. All we are saying is that the one you took out doesn’t have living 
bacilli. I think it is quite possible that another lesion 5 mm. away from your line of 
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incision has living bacilli in it and we don’t know anything about that. That’s not what 
we started out to discuss; that’s another problem, a very important one 

Dr. Hopspy: Thank you, Dave. I think that problem should be mentioned although 
I am afraid that the microbiologists are rather tied up with the question of each indi- 
vidual lesion and its organisms. Walsh, do you have anything to say? 

Dr. McDermorr: Yes. I am going to say that people can swallow cultures of typhoid 
bacilli, people can take cultures of gonococci and put them into the urethra of normal 
males, and they don’t get a high percentage of takes of gonorrhea; it all depends on 
how you do it. And the idea that these lesions which have been resected are necessarily 
cured is Ehrlich’s dream, but one which has not been accomplished regularly in any 
other infection; and I certainly doubt if it has been accomplished in tuberculosis. More 
over, I think it would be very dangerous if we managed our patients on the assumption 
that it is true. Some of the bacilli are dead, sure 

Mr. Sreenken: I am sure that no phthisiologist would manage his patient on the 
assumption that the organisms are all dead. And I personally want to make it very clear 
that I am not trying to make a statement that all of these organisms are dead, but I am 
willing to make the statement that the major portion of these organisms according to 
present day criteria are dead. It is hard for me to go along with Dr. McDermott when 
he says that, out of a population of 100,000, it may take so many to produce disease 
There is no question about these lesions having billions of bacilli which we can’t grow 
and which don’t produce disease. It is not a question of dealing with hundreds or thou 
sands; you are dealing with billions 

Dr. McDermorr: Well, I could not agree with you more, Bill; that it is a very inter 
esting biologic question. I simply maintain that to reason from experience in one set 
of circumstances to what is, in effect, a totally new area of scientific investigation, ad 
mittedly is the only way we can do it; but we are not necessarily correct in our assump 
tions. 

Dr. Hopssy: I think that just for the record and at the expense of antagonizing my 
good friend, Bill Steenken, I would like to say one thing, and that is: In the 6 hospitals 
reporting last February at the VA meeting, if I remember the figures correctly, some 67 


per cent of the lesions reported were described as having Gaffky’s of I to IV only, with 


10 per cent being higher than IV. I believe the remainder were either negative or unre 
ported. I think those figures are accurate. Now a Gaffky IV, as I understand it, is only 
about 2 or 3 bacilli on the average per field, so that it is not necessarily in the billion 
classification, although certainly, according to normal bacteriological standards, there 
should be plenty of organisms there to give growth. Bill, did you have a question o1 
comment? 

Mr. Sreenken: I want to comment on what you said. This material, you must re 
member, is not being concentrated as a concentrated sputum, where you can get rid of 
all the extraneous matters and just have the remaining bacilli; these smears are made 
when you pick up a small amount and put it between two microslides and you drag it 
out. In that material, as I said before, there are approximately 300,000 microscopic fields 
If you admit that a Gaffky IV represents two bacilli per field, even on that slide, if you 
multiply 300,000 by 2, you would have 600,000 bacilli. So you multiply it by the millions, 
the small amount of material that is on that slide; in that caseous lesion vou are going to 
get into the billions 

Dr. Hossy: Bill, how many viable bacilli do you normally—take, for example, the 
H37 Rv strain—use to infect a guinea pig? 

Mr. STEENKEN: Well, once upon a time, before we had a good antibiotic that could 
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practically cure an animal of the disease, we were very careful to use a selected dose 
because, if we used too many organisms, we got death. If we were trying out, say BCG or 
any other vaccination, the question was always, if we gave too large an infecting dose 
we would kill our animal too soon, so we used small numbers, but today with antibiotic 
agents you just pour bugs in there and nothing happens 

Dr. Hopsy: You haven’t answered it. 

Mr. Streenken: That was the answer. 

Dr. Hoppy: How many viable cells? I think it’s in the vicinity of 40 million. 

Dr. Smita: No. No 

Dr. Hosppy: Yes, by the technique he taught us. 

Mr. STeENKEN: Well, with some of the techniques, if you want to use the plate 
count methods, knowing the fallacies in such laboratory techniques. I don’t think we 
have any method today that can detect the actual number of viable cells in any suspen- 
8100 

Dr. Fetpman: I'd like to ask some member or more of the panel what is the state 
of the hypersensitivity to tuberculin in these individuals in whom you are unable to 
demonstrate viability or virulence from these so-called healed lesions. There is some 
evidence, for instance, that in the Ghon complex, in which you get practical uniformity 
of tuberculin, or positive Mantoux reactions, as these individuals get older (providing 
first that they have not been exposed or subjected to any exogenous reinfection) a per 
centage of these individuals lose their tuberculin hypersensitivity. I think this would be 
an interesting point on which to comment. 

Dr. McDermorrt: I think the answer is what Dave Smith said, namely, that the 
lesion next door might have viable bacilli in it which would produce hypersensitivity. 
Incidently, of course, we’re guilty in the heat of the moment of a panel of using words 


incorrectly. The question is whether these bacilli are viable or not; what they are is non- 


culturable 

Dr. Honsy: Yes, Nick. 

Dr. D’Esopo: We have several clinical observations which might help clear up these 
microbiological speculations. We have now followed patients for three years who have 
reached the “target point” but for one reason or another have not been resected, mostly 
for reasons of age and associated diseases. As far as we can judge, they had reached 
the point at which, if they had been resected, we would have had difficulty in growing 
tubercle bacilli. Now the follow-up of these patients is exceedingly good; at least these 
patients act as if the bacilli are dead. In addition to that, there are a few patients who 
have been resected and the tubercle bacilli have not been grown from the lesions, but 
they have had a positive culture directly after surgery—instances in which the surgeon 
felt he had taken out all of the palpable lesions. These lesions have not grown out and 
yet tubercle bacilli have been found. We have taken this to mean that under laboratory 
conditions there may be a few bacilli which cannot be cultivated. What did you say, 
Walsh? 

Dr. McDermorr: Well, I just want to make a point, Nick, that in the days before 
antimicrobial therapy, we certainly had people who left sanatoriums and went back 
to very active lives and lived those lives for five or ten years or fifteen years and then 
subsequently developed overt pulmonary tuberculosis. We did not regard them as fresh 
infections; we regarded them as relapses of the tuberculosis which they had when they 
left that sanatorium. So I object to your saying the patients behaved as if the bacilli 
are dead. I just don’t think that is justified. 

Dr. D’Esopo: Well, I'll say it again. Thus far, after three years of follow-up, the 
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patients have behaved as if the bacilli are dead. In addition to that, I think your state 
ment about late relapses, after 15 years, is not right. The percentage of relapses after 
the fifth year is very low indeed. 

Mr. STeenken: Gladys. 

Dr. Hopsy: Yes 

Mr. SreenkeN: | think that the answer to Walsh’s question is that we can’t hit a 
patient over the head at any one period of time and take all of the lesions and all of the 
lung material. But in animals we have been able to create these types of lesions; we have 
been able to produce filled-in cavities; we produce under controlled conditions the identical 
thing which is seen in human beings. We can autopsy the animals and get the same ma 
terial and we are working in the same host where these organisms produced disease. So 
to me, I think that that serves as a basis for those who want to challenge this phenome- 
non, who believe that these organisms can be revived; I don’t know, if we try everything 
you can think of at present, are we still going to say that, if we wait long enough, we 
will gradually be able to grow these organisms. I mean, I think it’s wishful thinking. 

Dr. Hossy: Well, Bill, you have led right up to another group of questions and I 
think we might go on. Obviously, we don’t all agree with each other at this point, but 
that’s all to the good too. Sidney, you have discussed this point with us before and might 
like to again. Is there any general evidence that infectious agents may exist in dormant 
form for periods of time and then regain their viability? What about some of the other 
bacterial species? 

Dr. Rarret: Well, at the risk of saying more than I am asked to say—-I think most 
of the audience are probably not microbiologists—it might be well to state this simple 
fact. There is reason for suspecting organisms of being capable of revival because under 
certain circumstances certain microbes are capable of revival when they seem to be 
dead. In the past two or three or four years, it has been found, for example, that ultra 
violet treatment of certain bacteria, which apparently kills them, actually doesn’t kill 
them, because a large percentage of them can be revived on exposure later to visible 
light. And it has been known that certain organisms which apparently are killed by 
bichloride of mercury, which we all certainly think of as a good lethal agent, can be re 
vived to a degree by hydrogen sulfide, for example. I want to put that on the record 
because I think that otherwise the discussion might be very academic—it’s pretty aca- 


demic anyway. Then as to the question you ask, the basis for suspicion of dormancy. 
I just jotted that down here too. There are certain agents in the body which appear, on 
pretty good evidence, to be able to simply exist in the body for unlimited periods of 
time, apparently without doing anything except existing. One of them is a virus, herpes 
simplex virus (fever blister virus), which, and I think that there is general agreement 


amongst virologists on this, causes a life-long infection, and all of you are acquainted with 
the fact that,—especially in certain individuals,—you never see any signs of that infec 
tion. But when you look for the virus in just about any member of the population, you 
find it in epithelial cells. It’s not a bacterium, but it is a living infectious agent. I think 
perhaps the spirochete of syphilis could be looked at in the same way. It’s a little bit 
vague here, and a little bit less tenable, but there is good reason to believe that these 
organisms do persist, as all of you know, for many years, and apparently without doing a 
dog-gone thing until they later become reactivated 

Dr. McDermorr: How about Brill’s disease? 

Dr. Rarre.: Well, Brill’s disease is another example I think. There is fairly good 
evidence that Brill’s disease, as Dr. McDermott suggests, is a residuum of some long 
ago, rickettsial infection, without any signs of infectiousness for many years. And then, 
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if I can take a moment more, I would like to say that yellow fever might be a very good 
example of this. There is a fascinating story of how some years ago people in non-yellow 
fever sections of the world—New York specifically—-where individuals who had been 
exposed to the disease as long as seventy-five years before in one case and fifty years in 
other cases still retained antibodies against yellow fever virus. Now, of course, we can 
say that they had infections seventy-five years ago or fifty years ago and they continued 
to make antibodies all this time against nothing—just the memory of the infection. It 
doesn’t seem very likely; it would seem much more likely that the yellow fever virus 
persisted for many years, for the lifetime of the individual, in a viable form. Not a very 
good answer to the question but 

Dr. Hossy: Do you believe that there is any similar evidence with regard to the 
tubercle bacillus? 

Dr. Rarrec: I hate to say this because I am very unsure of my ground and many in 
the audience will disagree with it, but I think the epidemiological situation in tuber- 
culosis, the fact that reinfections occur in individuals, I mean that most clinical tuber 
culosis occurs as a reinfection type and occurs usually in an area of the lung where the 
influence of gravity doesn’t enter in, would surely indicate that most of these infections 
must be endogenous reinfections, and the occurrence of an endogenous reinfection pre 
supposes that there were bacteria around in the body to start it. I am sure that we can 
get a pretty good argument on this story here 

Dr. Honsy: Walsh, you had some thoughts on instances in which apparently dormant 
cells have been revived. Would you like to comment further on this? 

Dr. McDermorr: Well, I think Sidney has covered it very well. There are innumerable 
examples in infectious diseases of carrier states and long periods of dormancy with the 
eventual eruption into full-scale clinical disease. Indeed, the cortisone situation in humans 
and in animals is a very good example in point. For example, in one situation one can 
not cultivate a particular microorganism from a rat; one can give the rat cortisone and 
the organisms emerge to produce a fatal disease. The general biologic principle that 
latent infections can persist for a period of years or decades is so well established that 
I don’t think really any further examples are necessary. Now, in so far as the tubercle 
bacillus is concerned, as Sid said, it’s a debatable point and one can look at it either way 
I would like to make one comment though, from the field of other infections, on this 
point and it has to do with my opening comment. It is a common clinical experience, 
and I think Dave can back me up on this, that one will get a patient in the hospital 
with an acute infection,—let us say, the characteristic picture of acute pneumococcal 
pneumonia and empyema,—but the patient will have received a day or two of penicillin 
but will still be sick. One can aspirate that pleural fluid and at times one can see micro 
organisms on stained smear but cannot culture them. If one washes one’s hands of the 
situation at that point, the patient behaves like any other patient with an acute empyema 

Dr. Horsy: Dave, is there anything you would like to add? 

Dr. Smiru: Yes. I made the statement earlier that I thought these lesions contained 
large numbers of tubercle bacilli which were not cultivatable and could not kill the 


guinea pigs and which were dead. I want to make it very plain that I do not draw the 
conclusion from that that all of the bacilli in that man are dead. Certainly the old nursery 
rhyme about Rover, when he died he died all over, doesn’t apply to tuberculosis 

Dr. McDermorr: My point is, I am not sure it applies to one bacillus, Dave 

Dr. Smrrn: Well, I’m inclined to think those which won’t grow in the guinea pig, 
for practical purposes—there I am with Dr. D’'Esopo—for practical purposes, they have 
reached a biological balance which isn’t going to hurt the man anymore. I am not at 
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all sure that another lesion in a lymph node or another part of the lung wouldn’t grow 
readily and kill an animal and cause relapse and kill that man. So from the public point 
of view, from the general doctors’ point of view, we must avoid a conclusion that the 
man has been sterilized as far as his tuberculosis is concerned just because the particular 
lesion we took out has been sterilized. I’m willing to grant that, but I am not granting 
that you have gotten all the viable tubercle bacilli out. 

Dr. McDermorr: And in the use of words, I couldn’t agree with you more that 
the lesion has been sterilized, because by sterile I understand you to mean that the 
bugs won't grow. My point is they may still be alive and may be capable of growth 
at some future date 

Dr. Hossy: There’s been some very interesting work recently which I think we 
ought at least to mention before our time this afternoon comes to an end, work related 
to the ability to reverse inhibition of growth, and I think we might turn to that subject 
at this point. Walsh is there anything you would like to say with regard to the sub 
stances that have been used to reverse inhibition of growth? 

Dr. McDermorr: Well, no; actually you know more about that than I do, Glad 
Penicillinase; the recent work that would indicate that ketone bodies would reverse the 
inhibition of organic acids at low pH on Staphylococci and tubercle bacilli; and then the 
things which Sidney mentioned—the H.S with mercuric chloride; and an ultraviolet 
“killed” culture can be revived if you just put it on any old electric light bulb 

Dr. Hopspy: Dave, are you familiar with Dubos’ work with regard to the keto acids? 
I believe that he has found that organisms, if I am quoting him correctly—and I hope 
I am—he has found that organisms maintained at a pH around 5.5 or 5.6, which very 


quickly under suitable conditions prevents their subsequent multiplication, can be re 


versed by the addition of certain of the keto acids. There is also some work which has 
been done by others which I believe indicates that sodium pyruvate can reverse in 
hibition of growth under suitable conditions. Donovick has come out with some work 
recently in relation to other of the antimicrobial agents. Is there any of that on which 
you would like to comment, Sidney? 

Dr. Rarret: No. I wouldn't 

Dr. Hoppy: This is all a new field but it suggests the possibility that perhaps we 
don’t know what is the optimum set of conditions under which to cultivate these organ 
isms which have been in the host for varying periods of time. There is also the question 
of mutation which perhaps warrants some comment. Walsh, you are familiar with the 
work that has been done by Dr. Wesley Spink’s group with the Staphylococcus recently 
Are there any parallelisms here or possible parallelisms? 

Dr. McDermort: Well, I think it would be just another speculative mechanism. They 
have found a microcolony of Staphylococci, penicillin-resistant Staphylococci, but they 
were able to cultivate the Staphylococci, which, as Bill Steenken pointed out, is not the 
case here. You simply cannot cultivate the tubercle bacilli in these situations 

Dr. Hospy: Now, before we bring this to a close, so to speak, I would like to ask 
one more question. Dave, you commented about the fact that the Warburg technique 
perhaps is not too applicable here. What is your thought with regard to the tetrazolium 
test or other techniques of that sort? 

Dr. Smita: Well, there is work being done on that. I’ve not done any myself. If 
properly controiled, the use of tetrazolium might indicate metabolism in the organism 
in the absence of growth. I think there was a report that they did not show these things 
Wasn’t there—at the meeting in Atlanta? 

Dr. Hossy: I’m not too familiar with those results, except that any technique that 
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might demonstrate that the cells still can respire of course would be of tremendous inter- 
est in this connection. 

Well, I think Walsh might summarize for us some of the thoughts that have been 
expressed at this time; and there is one last question that we would like to throw out 
for discussion, and perhaps you would care to comment on it. The question has been 
posed: If it is true that tubercle bacilli in the so-called healed lesion are in a state of 
quiescence, doesn’t the failure to grow or to exhibit virulence in the highly susceptible 
host impugn the reliability of cultures and guinea pigs in certifying the diagnosis of 
cases of clinical tuberculosis? 

Dr. McDermorrt: In an attempt to summarize this discussion, I think one can say 
that the facts are clear and simple. The organisms, which bear every characteristic of 
being tubercle bacilli on direct observation, are present in the lesions which are resected, 
and by a very careful series of methods it has not been possible to culture the organisms 
on standard culture mediums. And make no mistake about this: The people who have 
been attempting to do this know their business, and they have been unable to culture 
the tubercle bacilli. So I would say that, as some of the members of the panel expressed 
themselves, at least half the panel, and perhaps a majority of the panel, believe that 
in those situations the lesion has been sterilized. I would agree that they have been 
sterilized, that’s just by definition; but they believe that the organisms are dead. Others 
in the panel, or at least I, are by no means convinced that the organisms are indeed 
dead or that any large numbers of them are dead, and believe that a proportion at least 
are capable of revival. The arguments in favor of the fact that they are dead all consist 
of the fact that it has not yet been possible to culture them; those are the only observed 
facts. The arguments that they may be capable of revivication are based by analogy on 
general biologic experience. Dave Smith has made the point, which is a very important 
point, that microbial populations are heterogeneous affairs and that there is too great a 
tendency to regard every single member of a microbial population as being in exactly 
the same physiologic state at any point in time; whereas it is perfectly possible that 
some of them can be very lively, some of them tired, some of them dead, and some of 
them completely indifferent to what is going on. In any event, at least half of the panel, 
perhaps all but myself, believe that these cultural methods are adequate and that the 
organisms are dead. I dissent from that point of view. 

Insofar as the question you have asked, Gladys. I think that the only proof in this 
type of situation is positive proof. I think that, if you can show the bugs and show that 
they produce disease, you have got something. Negative results, however impressive, 
do not really answer the question. In any series of comparative studies in which cultures 
and inoculations of guinea pigs have been made, there are always a few pigs which were 
positive when the cultures were sterile and there are always a few cultures which are 


positive when the guinea pig does not show any disease. So there isn’t an absolutely 


precise one-to-one correlation there. 

Insofar as saying what about our guinea pig and culture methods, I think all we can 
say is they are the best we have; we would like to have better. 

And finally, on the contra side of the argument, is the point that it is conceivable 
that the cultural methods which have grown up for the culture of sputum and other 
body exudates might not be the best cultural methods for the isolation of tubercle bacilli 
which have been exposed not only to the noxious agents of the drug but also to the pre- 
sumed noxious agents of the lesion. I think the majority of the panel are in agreement 


that the bugs are dead. 
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Dr. Hospy: Thank you, Walsh. In other words, we find ourselves much in the same 
position that the leprologists have been in for years. Simply that their organisms can 
be stained, they are present in abundance, certainly in murine leprosy at least there 
can be no argument about the large numbers of cells, and yet they have not been able 
to cultivate them. And that leaves a certain amount of doubt in the minds of many of 
us as to what the situation may be insofar as the tubercle bacillus is concerned. 

I am sorry that there isn’t time to hear final comments from some of the rest of you, 
but, with that, I think we might thank the panel members for their help today and for 
giving us their thoughts and thank the audience for listening to us. 


Report of the Ninth Pembine Therapy Conference 
Michigan, Wisconsin, and Minnesota 


The ninth Pembine Therapy Conference for pulmonary diseases was held at the Four 
Seasons Club, Pembine, Wisconsin, September 5, 6, and 7, 1952 
Invitations to the conference were issued in the same manner as in former years 
In general, the pattern of previous conferences was followed. The tuberculous cases 
for the area sanatoriums were presented by the Nopeming Sanatorium, Nopeming, 
Minnesota; Maybury Sanatorium, Northville, Michigan; and Muirdale Sanatorium, 
Milwaukee, Wisconsin. For the 1952 conference, the cases of twenty-five consecutively 
treated tuberculous patients who received collapse therapy or surgical procedures after 
January 1, 1952, were presented 
Also, following the practice of former conferences, a similar series of 
selected sanatorium from outside the area was presented. These cases were 
by the Barlow Sanatorium, Los Angeles, California 
For 1950, 1951, and again for 1952, the scope of the conference was extended to include 
nontuberculous chest cases in separate presentations. These nontuberculous cases, repre 
senting twenty consecutive major thoracic surgical cases, excluding tuberculosis, cardiac 
cases, and bronchogenic carcinoma, were presented for Michigan by Dr. William Tuttle 
from his practice; for Minnesota, by Dr. Robert Schmidt from the practice of Dr. Thomas 
J. Kinsella; and for Wisconsin, by Dr. Paul Hausmann from his practice 
Representative roentgenograms and data presented by the presentor a 
to the conferees in table form were reviewed and discussed 
Following presentation and discussion of cases, each presentor summarized his mate 
rial 
The following guests from outside the conference area were in attendance and con 
tributed greatly to the conference with their discussions and constructive criticisms 
John B. Barnwell, Washington, D. C 
Daniel E. Jenkins, Houston, Texas 
John C. Jones, Los Angeles, California 
Hiram T. Langston, Riverside, Illinois 
William H. Oatway, Altadena, California 
Edward L. Ross, Winnipeg, Manitoba, Canada 
William Steenken, Jr., Trudeau, New York 
John W. Strieder, Brookline, Massachusetts 
Henry C. Sweany, Tampa, Florida 
The first day of the conference was devoted to presentation and review of the tuber 
culous cases within the conference area as above noted 


The following therapy trends were noted in the presentation of these cases 


(a) Only one pneumothorax had been initiated, and this case was in the Michigan 
series. It is to be noted that this patient had refused resection 
(b There were four phreniclases. All of these were in the Michigan series 


é There were two initiations of pneumoperitoneums, and both of these were 
in the Michigan series 
There were fourteen thoracoplasties, four in the Michigan series, seven in 
the Wisconsin series, and three in the Minnesota series 
There was one extrapleural pneumonolysis with paraffin, which was in the 
Wisconsin series 
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ree thoracotomies for decortication. Two are listed in 
nesota series, and one in the Michigan series 
Resections. Of the 75 tuberculosis cases presented by the tri-state area, pul 
monary resections had been performed in 52. In some instances, the resections 
were multiple and bilateral. 
Michigan—14 patients 
Wedge resections 
Segmental resections 
Segmental and wedge resection 
Lobectomy 
Pneumonectomy 
Wisconsin—21 patients 
Wedge resections 
Segmental or lobar plus wedge resection 
Minnesota—17 patients 
Segmental resections 
Lobectomy 
Pneumonectomy 
It is to be noted that, in the report covering the 1951 conference, there were a total of 
eleven resections among the eighty cases presented 
The following observations were made covering presentations of tuberculous cases from 
the tri-state area 
It was generally agreed that antimicrobial therapy for at least four months is 
indicated prior to resection. The period of postoperative antimicrobial therapy 
varied considerably depending on preoperative therapy and extent of disease 
There was no defense of either pneumothorax or phrenic nerve interruption alone 
by any of the conferees or any of the presentors. There was some thought that 


phrenic nerve interruption and pneumoperitoneum was still of value. There was 


evidence of marked decrease of patients coming to thoracoplasty, and it was the 
thought of the presentors that many of the present cases with thoracoplasty would 
now be submitted for resection 

There was general agreement that for the present, at least, residual caseous foci 
should be resected with long-term antimicrobial therapy 

It was emphasized that the ultimate relapse rate in these cases would be the 
criteria rather than just tissue bacteriology of the resected specimen 

There was consensus that streptomycin (1 gm.) two or three times weekly and 
PAS (12+ gm.) daily in general represents the best known antimicrobial program 
(at the time of the conference) 

It was emphasized that the findings at exploration and in the resected specimen 
were often greater than the involvement anticipated from the appearance on the 
chest film 

In the Muirdale series it was reported that patients who had undergone pulmonar 
resection procedures were being discharged three months after operation. There was 
considerable discussion and opposition to this program except in those areas where 
such handling is dictated by the scarcity of available beds. The presentors pointed 
out, however, that the program is being carried out as a pilot study 

Postoperative persistent peripheral lung leaks in the Muirdale series were man 
aged by either thoracoplasty or secondary repair. There was, in general, a con 
viction by the presentors, particularly in the Wisconsin group, that the imme 
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diate preoperative roentgenographic appearance is by no means the most deciding 
factor for resection, but rather the original and pre-streptomycin disease. 

The problem of treatment of the elderly patient was discussed. It was thought by 
many that these patients tolerate resection quite satisfactorily. 

There was considerable discussion of the problem of carbon dioxide retention dur- 
ing intrathoracic surgery. It was stressed that oxygen alone does not materially 
help such patients, but that deep breathing and positive pressure should be used. 
Tracheotomy may be indicated for removal of secretions and the reduction of the 
relative dead air space in patients who are having respiratory difficulty. 


Dr. William Oatway, assisted by Dr. John C. Jones, from the Barlow Sanatorium, 
Los Angeles, California, presented twenty consecutive surgical cases in accordance with 
the above pattern 

The Barlow group prefers lobectomy, if possible, to multiple wedge resections 

There was criticism of the cases presented for maintaining pneumothoraces, par- 
ticularly in the presence of adhesions. 

It was noted that chemotherapy was used for shorter periods of time than in the 
Pembine area. It was brought out in the discussion that in certain local situations 
such determinations are beyond the control of the staff. 


Dr. William Tuttle presented twenty major thoracic surgery cases from his private 
practice. These consecutive cases were after December 1, 1951. 

The complications of esophageal resections were discussed, with particular refer- 
ence to the occurrence of peptic ulceration 

There were those who advocated the use of pyloroplasty to hasten stomach empty- 
ing 

The resection of any round lesion was strongly advocated by the presentor. Cases 
of esophageal diverticulum, middle lobe atelectasis, chondroma, empyema, pul 
monary cysts, fibrosarcoma, substernal thyroid, diaphragmatic hernia, and sarcoid 
were presented 


Dr. Paul Hausmann from Milwaukee, Wisconsin, presented twenty consecutive sur- 
gical cases from his private practice. 

There was considerable discussion of three cases of sternum excavatum corrected 
by surgery. There was general agreement that surgery should be carried out at an 
early age. Best results are obtained before the age of eighteen months. 

The value of thorough evaluation of the bronchial tree preoperatively in bron- 
chiectasis was emphasized. In one case there was residual bronchiectasis left in the 
superior lingular segment which was not demonstrated in preoperative broncho- 
grams 

Cases of spontaneous pneumothorax, thymic tumor (causing a Horner syndromé 
a 25-year-old empyema, sternum excavatum, lung abcess, carcinoma, bronchial 


cyst, and bronchiectasis were presented. 


* 


Robert Schmidt presented twenty surgical cases for Minnesota from Dr. Kin 


private practice 
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The near necessity for a preoperative period of medical management for bron- 
chiectasis was emphasized. 

With bilateral bronchiectasis, the question was raised whether one side should 
be operated upon even if it is thought that an eventual operation on the other side 
would be impossible. The presentor believed that the unilateral procedure should be 
done in such circumstances, with the hope of improvement and relief of symptoms 

Cases of bronchiectasis, granuloma, mesothelioma of pleura, dermoid (left medias 
tinum), bronchial adenoma, hamartoma, funnel chest, neurofibroma, pharyngeal 
esophageal diverticulum, obstructed and infected emphysematous bleb, dumbbell 
type lipoma (right chest wall), and multilocular cyst (pericardiophrenic angle) 


were presented. 


GUEST PRESENTATIONS 
The Results of Recent Work with Isoniazid 


William Steenken, Jr., Trudeau, New York 


Isoniazid is a potent addition to the antimicrobial therapy armamentarium. 

Less clearing and less rapid clearing was noted in rabbits following the use of isoniazid 
than in the streptomycin series. 

The difficulty or inability to grow, on culture or in animals, the acid-fast bacilli found 
in resected caseous foci following long-term antimicrobial therapy with either isoniazid 
or streptomycin and PAS was emphasized. It was pointed out by the presentor, however, 
that tubercle bacilli have a natural dying rate in the body, and dead bacilli can be found 
in persons who have never had antimicrobial therapy. 

Slides shown by the presentor illustrated the recurrence and extension of infiltrations 
in rabbits following the cessation of antimicrobial therapy. 


Discussion of Antimicrobial Therapy 


toss McLean and William Tucker of the Veterans Administration 


A comparison of randomized cases treated with isoniazid or streptomycin and PAS was 


presented : 
During the early months of treatment there was little difference in the two groups 


measured by the general condition, roentgenographic and bacteriologic studies, 
although streptomycin and PAS appeared to have a slight advantage. 

Thus far, streptomycin and isoniazid (300 mg. daily) have appeared to be less 
effective than streptomycin and PAS. 

Streptomycin and PAS generally do not appear to be as effective as in the re 
ported results in 1948, probably due to differing characteristics of the patients 
treated in the two time periods. 

Seven Veterans Administration hospitals reported that apparently 10 per cent 
of the patients on isoniazid alone experienced an extension of their lesions. (This 
study is incomplete.) 

Of 108 patients on isoniazid alone after four months, tubercle bacilli from 51 per 
cent were resistant to 5.0 y per ml. 
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After four months of isoniazid alone, there were 15 resected lesions from 108 
patients, 14 of which yielded cultures positive for tubercle bacilli 
Bacteriologie studies were as follows: 
negative for tubercle 
Streptomycin-PAS 
Isoniazid 29 per cent 
Marked to moderate roentgenographic improvement in seven to ten weeks 
Streptomycin PAS 
Isoniazid 7 per cent 
In any given period of treatment up to three months, the percentage of roent 
genographic improvement, general improvement, and bacteriologic improvement was 
greater in the streptomycin group, but not significantly so 
Toxic reactions to isoniazid 
hematopoietic sy 


i lew cases 


Sputum smear bacilli 


per cent 


15 per cent 


No significant evidence of isoniazid toxicity to the 
stem, liver, or kidneys was noted. Albuminuria has been noted in 
Consistently, 


there have been euphoric mood changes. No severe asth 


matic reactions have been noted 


Discussion of the presentations by Drs. Tucker and McLean brought out the ex 
periences of others with the use of isoniazid. Of particular significance was the number 
of cases of mental confusion and urticaria. In discussing this presentation, Dr. Sweany 
of Florida emphasized the hitherto unreported increase of blood urea nitrogen in 50 per 
cent of the 


» cases observed by himself and his associates 


Pulmonary Ventilation 
William Stead of Minneapolis 


During surgery 
half hour of 


arterial blood pH and carbon dioxide studies were done within one 
the time surgical patients were returned to the ward 


The arterial blood pH should be expected to return to normal in about three hours. An 
example of the fluctuations is noted in the following case: The patient had an arterial 


blood pH of 7.405 on the day before surgery; there was a maximum drop during surgery 


\rterial blood carbon dioxide preoperatively was 40 and the highest during 
surgery Wa 2. Alveolar 


within « 


entilation was approximately half of the preoperative value 
ne-half 


hour after entering the pleural space 


The carbon dioxide level rises proportionately if there is a concomitant drop in al 
veolar ventilation 


If from the beginning the alveolar ventilation is kept at a normal 
dioxide le vel will be 


( irbon 
properly maintained in most patients 


Tissue Cultures 


enken, Jr., Trudeau 


Laboratory, Trudeau, N. Y 
Retention of 


f staining properties of organisms in resected lesions does not necessarily 
mean that the organ are viable. The findings in a series of 63 resected lesions from 20 
patients who had been on streptomycin and PAS for eight months were reported. One 
and six-tenths per cent of the lesions resected were positive for M. tuberculosis by culture 
and guinea pig mination 
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Cardiovascular Surgery 


Jones, Los Angeles, California 


The presentation dealt primarily with preoperative and postoperative management 
The value of adequate preoperative digitalization and avoidance of over-digitalization 
was emphasized 

Light anesthesia and sparing use of drugs were stressed 

The value of continuous use of electrocardiography during surgery was discussed 

Full cooperation between the cardiologist and surgeon and anesthesiologist was em 
ph isized 


SUMMARY 


Henrv C. Sweany, Tampa, Florida 


In his introductory remarks, Dr. Sweany compared the current therapy trends with 
control programs of thirty-five years ago and reviewed the progress during his years of 
activity in the field of tuberculosis control 

In referring to the cases presented, Dr. Sweany stated that it is difficult to make com 
parisons between those areas where adequate case-finding programs and treatment facil 
ities are available and other areas where major surgical treatment is still a last-resort 
procedure 

Dr. Sweany urged a one- to two-year follow-up study of the cases presented 

The discussor commented on the passing of the pneumothorax era and noted that 
thoracoplasty was also on the way out, but commented on the lives saved by these pro 
cedures in earlier decades 

The need for a better understanding of the many variations in the pathology of tuber 
ulosis was emphasized 

In discussing the cases presented from outside the conference, Dr. Sweany called 
attention to the conservatism shown in the treatment of the cases presented. He pointed 

it that there was a larger number of pneumothoraces than is found in most parts of the 
ountry and that there was not evidence of a full appreciation of the value of continuing 
hemotherapy for longer periods of time. Although much of this variability, he thought, 
nay be ascribed to the type of material they were obliged to work with 

From the available information, it was thought that isoniazid could not be given the 


ume important position in the therapy program as streptomycin anc’) PAS 


In closing his remarks, Dr. Sweany emphasized the variability of the behavior of tuber 


culosis and the importance of dosage, virulence, and resistance, and pointed out that 


ire continu hopeless cases of tuberculosis 


Georce C. Owen, Wisconsin 
KJVIND Fencer, Minnesota 
C. J. Srrincer, Michigan 
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NOTES 


ANNUAL MEETING OF THE AMERICAN TRUDEAU SOCIETY 


The American Trudeau Society, medical section of the National Tuberculosis Associa 
tion, invites the submission of abstracts of scientific papers for presentation at its next 
annual meeting in Atlantic City, New Jersey, May 17 to 21, 1954. 

Full information can be obtained by writing to the Chairman of the Medical Sessions 
Committee, American Trudeau Society, 1790 Broadway, New York 19, N. Y 


MICROFILMS OF THE REVIEW AVAILABLE 


The National Tuberculosis Association entered into an agreement with the University 
Microfilms Company to microfilm the AMericaN Review or TuBEeRcULOs!s for its sales 
and distribution to subscribers of the Review 

A ten per cent royalty on total sales was returned to the NTA 

At the present time, volumes 63 and 64, 1951, of the Review are available on micro 
film at a charge of $5.20. Volumes 65 and 66 for 1952 are available at the price of $5.00. 

Orders should be sent directly to University Microfilms, 313 N. First Street, Ann 
Arbor, Michigar 


FOURTH ARGENTINE CONFERENCE ON TUBERCULOSIS 


The Fourth Argentine Conference on Tuberculosis will be held November 11, 12, and 
13 in the city of Mar del Plata. Dr. Oscar P. Aguilar, President, and Dr. Jose B. Gomez, 
Secretary General, announce the following four principal subjects: 

Tuberculosis discovered by the examination of household contacts 
Tuberculous meningitis 
Treatment of large tuberculosis pulmonary cavities 
Antibiotics and chemotherapy in pulmonary tuberculosis 
Further information can be obtained by writing to Dr. Gomez at Larrea 92, Buenos 


Aires, Argentina 


ANNUAL MEETING OF THE MISSISSIPPI VALLEY TRUDEAU SOCIETY 1953 


The 1953 annual meeting of the Mississippi Valley Trudeau Society will be held in 
conjunction with the fortieth annual meeting of the Mississippi Valley Conference on 
Tuberculosis at the Nicollet Hotel, Minneapolis, Minnesota, October 15-17, 1953, accord 
ing to Dr. J. A. Stocker, Secretary-Treasurer of the Society 

Two clinical sessions have been arranged. One will be Thursday afternoon, October 15, 
and the other Friday morning, October 16. Friday afternoon the Trudeau Society will 
meet with the Mississippi Valley Conference, when Dr. D. G. Madigan, chest consultant, 
Farnborough Hospital, Kent, England, will deliver a paper on “Old Tuberculin and 
Bacillary Emulsions under Chemotherapeutics Cover in Treatment of Tuberculosis” and 
Dr. J. Arthur Myers of Minneapolis will discuss “Accomplishments and Future Needs 
to Eradicate Tuberculosis.” 

At the first scientific session the following subjects will be discussed: ‘‘The Nodular 
Lesion,” “Management of Meningeal and Miliary Tuberculosis,” “Genitourinary Tuber 
culosis,” ‘Report of Isoniazid Study,” and “Tuberculosis Control in Industry.”’ 


Subjects at the second scientific session will be: “Bacterial Resistance to Modern 


Chemotherapeutic Agents,” “Pulmonary Circulation in Mitral Stenosis and Alterations 
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Following Valvulotomy, Esophageal Surgery,”’ “Surgery of the Mitral Valve,’’ 
‘Respiratory Acidosis 
Dr. William B. Tucker of the Veterans Administration Hospital, Mi neapolis, will 


present a number of cases for review at the closing session Saturday morning, October 17 


MEDICAL RESEARCH FELLOWSHIPS 


The Division of Medical Sciences of the National Research Council is accepting appli 
cations for postdoctoral research fellowships for 1954-1955. These awards are designed 
to offer research experience for promising individuals who look forward to investigative 
careers, and not to provide practical experience in the clinical field. Ordinarily fellowships 
are not granted to persons more than thirty-five vears of age. The following programs are 
announced 

Fellowships in Cancer Research are awarded by the American Cancer Society on recom 
mendation of the Committee on Growth of the Division of Medical Sciences. Awards are 
available for study in all branches of the biological, chemical, and physical sciences and 
of clinical investigation applicable to the study of growth, typical or malignant. Citizens 


of the United States are eligible 

British-American Exchange Fellowships in Cancer Research also are awarded by the 
American Cancer Society upon recommendation by the Committee on Growth. They are 
offered to citizens of the United States for advanced study in Great Britain in specialized 
fields pertaining to the problem of cancer. Similar fellowships are awarded by the British 
Empire Cancér Campaign to young British scientists for research in the United States 

Fellowships in the Medical Sciences, supported by The Rockefeller Foundation and by 
The Lilly Research Laboratories, are administered by the Medical Fellowship Board of 
the Division. Fellows are expected to devote themselves to research in the basic medical 
sciences. The Rockefeller Fellowships are open to citizens of the United States and 
Canada; the Lilly Fellowships only to citizens of the United States 

Fello ships un Tuberculosis are also administered by the Medical Fellowship Board 
under a grant from the National Tuberculosis Association. These awards are designed to 
promote the development of investigators in fields related to tuberculosis. They are open 
to citizens of the United States who are graduates of American schools 

Fellowships in Radiological Research are administered by the Division’s Committee on 
Radiology for the James Picker Foundation. The Foundation has expressed particular 


interest in the support of candidates who propose to carry on research oriented toward 


the diagnostic aspects of radiology. Appointments are not limited to citizens of the 
United States 

Applications for 1954-1955 under any of these programs must be postmarked on or 
before December 10, 1953. Fellowships are awarded in the late winter or early spring. 


Complete details and application blanks may be obtained from the Fellowship Offi 


i 


National Research Council, 2101 Constitution Avenue, N.W., Washington 25, D.C 
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CLINICAL STUDIES, TUBERCULOSIS 


Lung Resection for Primary Tuberculosis. 

Since most primary tuberculous infections 
heal spontaneously, even when accompanied 
by minute pulmonary infections, the indica 
tions for operative removal of such foci are 
limited. In many cases, however, small num 
bers of acid-fast bacilli can be recovered from 
intervals despite apparent 
follow if 
frequent sputum examinations are not made 
In 5 


the sputum at 


clinical cure. Serious results may 


in all cases of recent primary infection 
patients, aged seventeen to twenty-four 
years, tuberculosis apparently re- 
sponded well to medical therapy but the 


primary 


sputum became positive for tubercle bacilli 
again after a few months to five years. Lo 
bectomy, with removal of caseated lymph 
nodes, bronchial or parenchymal disease, was 
followed by sputum consistently negative for 
tubercle bacilli in 3 of the 5 cases. It rarely 
seems necessary to operate during the initial 
period of a primary infection which is care 
fully treated but, if tubercle 
bacilli persist in the sputum, early radical 
It should not be de 


watched and 


treatment is indicated 


layed until conditions become serious.—La 


tuberculose pri 
be lg , De 
aird) 


résection pulmonaire dans la 
maire, C. Dijkstra, Acta tubere 


cembe 1952, 42: 468 (A. T 


Bronchial Tuberculosis.—True primary 


bronchial tuberculosis with a primary tocus 


in the bronchial mucosa is extremely rare and 


of theoretic importance only In so-called 


“primary” bronchial tuberculosis, the erosion 


of a caseous ly mph node into a bronchus is the 


essential feature. Important clinical findings 


sudden onset of severe cough, (2 


exper toration of caseous or lcified material, 


include (/ 


(3) the a wheeze, (4) demon 


strable tubercle bacilli without a detectable 


presence ol 


parenchymal cavity, and (45) the presence of 
wedge-shaped opacities on the chest roent 
genogram. Bronchoscopy is the most valuable 
diagnostic procedure, but even this may fail 
in many cases of perforated bronchial lymph 
nodes. Hence, all patients with findings of this 
type were subjected to closer examination with 
tomography, and 
At Glittre Sana 
torium, Norway, during 1,262 bronchoscopies 
in 1,003 adult patients, 20 (2 per cent) were 
found to have definite lymph node perforation 


bronchoscopy, bronchial 


sometimes bronchography 


into the tracheobronchial tree. The majority 
of these patients had large, crater-like perfora 
tions from which pus and caseous material 
could be expressed. Other less obvious evidence 
of perforation occurred as mucosal holes in 81 
cases. These fistulous ducts in the mucosa 
sometimes were so tiny that they would easily 
have been overlooked were not 
The 
slightly injected but sometimes there was no 
Many of these holes 
may have represented anomalies; others may 
ducts of 


mucous glands; but some undoubtedly repre 


a telescope 


used surrounding mucosa was olten 


mucosal reaction at all 


have been diseased submucosal 
sented lymph node perforations. The site of 
predilection for these mucosal holes was the 
lower part of the upper lobe bronchus. Strep 
tomycin and p-aminosalicylic acid tended to 
have a favorable effect on the perforations 
and granulations, despite some end results of 
often with an extensive cica 


had taken 


perforations 


bronchostenosis, 
When no 


place, the prognosis of 


trix gross aspiration 
small 
seemed to be good The prognosis was more 


Apart 


spread by aspiration, such lesions might allow 


serious in large perforations from 


prolonged excretion of bacilli, secondary 


15 


16 ABSTRACTS 


bronchostenosis, and 


“Primary” 
bronchial tuberculosis in adult sanatorium pa 


tients, P. Vaksvik, Acta 


1962, 27: 255 K. 7 


atelectasis 


tuberc. Scandinat 


The 


sensitivity to 


Cortisone and Tuberculin Sensitivity. 
effect 
tuberculin was 


of cortisone upon sKIN 


investigated in 14 patients 
with sarcoidosis. Ten patients who normally 
failed to react to at least 100 units of tubercu 
lin intradermally received 100 mg. of cortisone 
daily by intramuscular injection. In 8 of these, 
skin sensitivity to tuberculin was detected at 
intervals ranging from six to seventeen days 
after the first injection of cortisone; in 6 the 
reaction produced by tuberculin during the 
period of sensitivity persisted, with indura- 
tion, up to forty-eight hours; and in 2 it con- 
sisted of erythema, evident at twenty-four 
hours but fading at forty-eight hours. In those 
patients tested repeatedly, this sensitivity was 
transient, even though the cortisone was con- 
tinued. In 9 patients who normally did not 
react to at least 100 units, intradermal injec- 
tion of 1.25 mg. of cortisone with a dose of 
tuberculin equal to the greatest to which the 
patient had previously failed to respond pro- 
duced a reaction with induration and erythema 
which persisted at least forty-eight hours in 
7, with no response in 2. In 3 patients nor- 
mally sensitive to 100 units or less, similar 
local administration of cortisone with tu- 
berculin exhibited the reaction produced by 
tuberculin alone (Authors’ summary).—Effect 
of cortisone upon skin sensitivity to tuberculin 
in sarcoidosis, D. A. Pyke & J. G. Scadding, 
Brit. M. J., November, 22, 1952, No. 4794: 
1126.—(E. A. Ri'ey) 


Tuberculosis After Resection for Other 
Disease.—Two patients who had recently 
undergone lobectomy for bronchiectasis de- 
veloped far advanced pulmonary tuberculosis. 
Most other cases of this sort have been re- 
ported in the statistics pertaining to resections 
for bronchiectasis. In three series, pulmonary 
tuberculosis developed in 3 to 13 per cent of 
the patients. In almost every reported case, 
review of the preoperative films showed no 


evidence of pulmonary tuberculosis. Appar- 
ently there were gross tuberculous changes in 
the unremoved lung tissue remaining after 
lobectomy. Distention of remaining pulmo- 
nary tissue, containing hidden unhealed tu- 
berculous foci, is the most probable cause of 
the postoperative disease. All post-lobectomy 
patients should be followed with frequent 
chest roentgenograms to detect any develop- 
ment of pulmonary tuberculosis. When pulmo- 
nary tuberculosis is present in a patient who 
requires pulmonary resection for nontubercu- 
lous disease, surgery should be planned to 
avoid a situation conducive to overdistention. 


Thus, after lower lobe resection, phrenic 


paralysis, possibly associated with a period of 


pneumoperitoneum, would be desirable. When 
the disease processes are bilateral, prolonged 
sanatorium treatment of the tuberculous proc- 
ess with appropriate chemotherapy should be 
the method of choice. 
following resection for nontuberculous disease, 
E. Rothstein & C. E. 


Surg., June, 1952, 23: 575. 


Pulmonary tuberculosis 


Gerson, J. Thoracic 
(R. E. MacQuigg) 
Lobectomy with Thoracoplasty.—FEleven 
male patients undergoing upper lobectomy 
in combination with a five-rib thoracoplasty 
had much less respiratory efficiency than that 
found immediately following each stage of 
thoracoplasty alone. The stress placed on the 
body by the combination of lobectomy and 
thoracoplasty was greater than that imposed 
by each stage of thoracoplasty alone. There 
was one postoperative death; the patient’s 
most significant feature was the great increase 
in respiratory rate and in the dead-space 
ventilation and the decrease in tidal exchange. 
Autopsy revealed no cause of death but the 
physiologic alterations probably explain it. 
Only patients with good respiratory reserve 
should have a combination of thoracoplasty, 
which greatly cripples the efficiency of the 
respiratory mechanism, and pulmonary resec- 
tion, which imposes a considerably greater load 
upon the body than does thoracoplasty alone. 
—Physiologic studies following thoracic surgery: 
II. Immediate effects of upper lobectomy com- 


bined with a five-rib thoracoplasty, W. W. 
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Stead, J. Thoracic Surg., February, 1958, 25: 
194.—(R. E. MacQuigg) 


Late Results of Thoracoplasty.—A series of 
278 tuberculous patients was reviewed five to 
fifteen years after thoracoplasty. The series 
was typical with regard to sex and site of 
operation. No streptomycin or penicillin was 
used before or after operation. Of the entire 
series, 27 per cent of the patients have died. 
Of the 203 living patients, 85.7 per cent have 
‘negative’ sputum. When the 8 patients who 
died from nontuberculous causes with ‘“‘nega- 
tive” sputum are added, the figure is 89.6 per 
cent of the 211 patients. According to the 1944 
National Tuberculosis Association classifica- 
tion, 140 of the 278 patients were apparently 
cured; 9 arrested; 36 apparently arrested; 2 
were quiescent; 11 improved; 5 worse; and 75 
dead. Haight, in discussing the paper, pointed 
out that these patients were operated upon, 
not because it was believed that they would 
obtain a good result, but in many instances 
because nothing else could be done.—Results 
in 278 patients who had the modern type of 
thoracoplasty for tuberculosis, W. M. Lees, 
S.C. H. Yang, M. Papoulakos, J. Alexander, 
& A. Larralde, J. Thoracic Surg., October, 
1951, 22: 329.—(R. E. MacQuigg) 


Late Results of Thoracoplasty.—Of 334 pa- 
tients who received thoracoplasty for pulmo- 
nary tuberculosis from 1932 to July of 1948, 
230 were living and 104 were dead from all 
causes by the end of 1949. Of the entire series, 
58 per cent attained arrest or apparent cure 
of the disease. Among the 230 living patients 
and 12 others who died from causes unrelated 
to their arrested tuberculosis, 84.3 per cent 
had arrested or apparently cured tuberculosis. 
Late justify its 


results in thoracoplasty 


prominent place in the surgical treatment of 


pulmonary tuberculosis.—Late results in the 
treatment of pulmonary tuberculosis by thoraco- 
Adie, W. G. Childress, H. J. 
Taylor, J. Thoracic Surg., 


(R. E. MacQuigg) 


plasty, G. C. 
Brezing, & D. 
January, 1952, 23: 92. 


Post-Thoracoplasty Painful Back.—Some 
patients with post-thoracoplasty back pain do 


not have impingement of the scapula upon the 
rib below but have overriding of the medial 
border of the scapula on the vertebral column 
because of atrophy of the trapezius and rhom- 
boid muscles. In 5 of the latter sort, a flap of 
the trapezius and rhomboid muscles was raised 
from the opposite side of the chest, turned 
back on itself, and attached to the free edge 
of the muscle remaining on the medial border 
of the scapula on the side of the thoracoplasty. 
In 3 others a muscle flap was obtained from 
the under surface of the scapula and consisted 
of the subscapularis and serratus anterior 
muscles. This flap was attached to the free 
edge of the flap from the opposite side. All of 
the 8 patients were relieved of their symptoms, 
and there has been no atrophy of the muscle 
flaps or further interference with the range of 
motion. In one of the patients, resection of a 
portion of the scapula had been done to relieve 
pain and had failed completely, although the 
surgical procedure described gave him com- 
plete relief.—Surgical treatment of post-thoraco- 
plasty painful back, L. M. Shefts, J. Thoracic 
Surg., June, 1952, 23: 602.—(R. E.MacQuigg) 


CLINICAL STUDIES, NONTUBERCULOUS 
DISEASE 


Purpura and Sarcoidosis.—A sixteen-year- 
old girl developed gingival bleeding, purpura, 
and thrombocytopenia. Her spleen was barely 
palpable, and a chest roentgenogram showed 
massive bilateral hilar adenopathy. Sternal 
bone marrow revealed normal erythropoiesis 
and myelopoiesis, megakaryoblasts in normal 
numbers, megakaryocytes increased, a large 
percentage showing basophilic cytoplasm, and 
no thrombocytes. Intramuscular corticotropin 
only slightly increased the circulating platelets, 
but bleeding ceased. Accordingly, on the sixth 
day of therapy a splenectomy was performed. 
Thereafter a slow rise in the platelets occurred. 
Follow-up examination six months later re- 
vealed a normal platelet count with nearly 
complete disappearance of the hilar lymph 
nodes. The appearance of the spleen was con- 
sistent with sarcoidosis. It is premature to 
assume a causal relation between sarcoidosis 
and thrombocytopenia, particularly since the 
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combination is not common despite the fre 


quent involvement of the spleen in sarcoidosis 


Thrombocytopenic purpura with sarcoidosis, 


Schrijver & P 


, 1952, 


cured after sple nectomy, H 
H. M. Schillings, Acta med. Scandina 
144: 213.—(K. T. Bird) 
Nocardiosis.—A 37-year-old white man was 
explored lor pe sible pulmonary neoplasm and 
found to have nocardiosis. He survived follow 
ing drainage of an empyema cavity and in 
tensive sulfonamide therapy; he was living 
and well a year later. The disease is caused by 
an aerobic gram-positive partially acid-fast 
Actinomyces. Of 43 cases in the literature in 
cluding this one, only 8 can be considered to 
have recovered; all of these received sulfon 
amide therapy in one form or another. It is 
essential that these patients receive adequate 
dosage of sulfonamides and be maintained on 
Nocardwsis, 
Sealy, 
Thoracic Surg., October, 


M acQuigg) 


therapy for four to six months 
R. G. Connar, T. B. Ferguson, W.C 
N. F. Conant, J 
1951, 22: 424 (R. E 
cases of em 


Emphysema.—Among 103 


physema in 76 men and 27 women, observed 


over a five-year period, only 3 gave any history 
difficulties. Chronic 
with 


of familial respiratory 


bronchitis, sometimes bronchospasm, 
was considered the cause in 50 patients (49 
per cent), 41 of whom were men. Since cough 
and sputum preceded the dyspnea in most 
cases, chronic bronchitis seemed the primary 
disorder. In 19 cases asthma was the cause 
The mean age of the bronchitic group was 
fifty-two years, that of the asthmatics was 
thirty-nine years. Pneumonia appeared to be 
the precipitating cause in 10 patients; 9 others 
were gassed in the first World War, and in one 
other man symptoms developed following ex- 
high concentration of sulfur 
Another 3 had 


silicosis, 7 had bronchiectasis, and emphysema 


posure to a 
dioxide fumes patients 
developed in 4 without any apparent cause. Al 
though the degree of emphysema could be 
determined more readily and accurately by 
clinical evaluation and spirometry, the most 


reliable radiologic signs were depression and 


flattening and diminished respiratory excur- 
sion of the diaphragms with hypertranslucency 
of the lung fields, especially at the bases and 
The 


heart shadow was characteristically small, the 


anterocardiac and retrocardiac windows 


cardiothoracic ratio was reduced, and air was 
often visible between the diaphragm and the 
cardiac apex These changes probably resulted 
from the low diaphragm and more vertical po 
sition of the heart. Two-thirds of the patients 
had an enlarged pulmonary conus, and one- 
fifth had right ventricular enlargement; but 
these changes were unrelated to the severity 
of the emphysema Spirometrically, there were 
decreased vital capacity, increased residual air 
and its ratio to the total capacity, slowed ex- 
piration, and an increased mixing time in func- 
tional residual capacity determinations. The 
degree to which the maximum breathing ca 
pacity was reduced was a better guide to the 
severity of emphysema than were the changes 
in lung volume. Because of inadequate alveolar 
ventilation, the alveolar tension of oxygen was 
reduced and that of carbon dioxide raised. Al- 
though the exact pathogenesis of emphysema 
is obscure, one essential feature is atrophy ol 
the lung’s elastic tissue. The other important 
abnormality is rupture of alveolar septa with 
avascularity of the alveolar 
defects 


thinning and 
The 
from the loss of elastic recoil and partly from 
Reduced dia 


phragmatic and lower costal activity with in 


walls functional arise partly 


the increase in alveolar space 


creased activity of the upper costal and 
accessory muscles of respiration are additional 
factors. Pulmonary hypertension secondary to 
the mechanical reduction of the vascular bed 
also to the 


alveolar anoxia is an important factor in the 


and vasoconstriction following 
development of secondary cardiac failure. The 
degree of emphysema was largely dependent 
upon the severity and duration of the primary 
causal disease. Although there is no curative 
treatment for the emphysema itself, sympto- 
matic therapy was of marked value. Postural 
drainage and appropriate antibiotic therapy, 
inhalation, 
Bronchodila 


tors diminished dyspnea and increased exercise 


either systemically or by were 


valuable in controlling infection 
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tolerance when bronchospasm was present 
Intermittent oxygen therapy relieved cyanosis 
and dyspnea but should not be employed con- 
tinuously for fear of improving oxygen satura 
ventilation, and 


tion, depressing 


further retention of carbon dioxide. Smoking 


causing 


was reduced as much as possible. If possible, 
patients were sent to a warm dry climate for 
the winter months. Breathing exercises were 
most beneficial in the younger age groups. The 
use of morphine is dangerous because of its 
powerful respiratory depressant action 
Emphysema, A. G. W. Whitfield, Brit. M. J., 
December, 6, 1952, No. 4796: 1227 (E. A 
Riley) 

Mucoid Impaction of Bronchi.—Ten pa- 


with asthma or chronic obstructive 


had a distinct but 


entity, impaction of the 


tients 
bronchitis undescribed 
clinical mucoid 
bronchi, which may closely simulate neoplasm, 
abscess, or tuberculosis. It results when inspis 
sated mucus accumulates in the second-order 


As the 


laminated impaction grows, layer by layer, it 


branch bronchi distal to a bifurcation 


dilates the bronchus to many times its normal 
When the 
bronchus is compressed, it also accumulates a 
The dilated bronchial wall be 
comes infected and the cartilaginous elements 
destroyed. At 
the true diagnosis should be established before 


diameter. neighboring branch 


mucoid mass 


are almost entirely operation 
too much pulmonary tissue is resected. Hemo 


therapeutic agents, expectorant cough mix 
tures, and bronchodilators should be tried; 
bronchoscopy is usually not helpful. Persistent 
suppuration with destruction of pulmonary 
tissue, repeated hemoptyses from associated 
and the 


cystic bronchiectasis, necessity for 


excluding neoplasm may all require operation 


The underlying asthma may lead to repeated 


episodes in other segments of the lung; resec 
tion should be limited to the actual lesion to 
preserve pulmonary function. At exploration 
it may be necessary to expose the bronchial 
wall to exclude neoplasm. With mucoid impac 
tion the tumor is entirely within the bronchus; 
the bronchial wall is reddish-brown, edema 


tous, and partially necrotic. The prognosis of 


this complication of asthma is the prognosis of 
the underlying disease. In 4 of the 10 patients, 
pneumonitis has recurred in other segments 
and undoubtedly was due to mucoid impac- 
Mucoid impaction of the bronchi, R. R 
August, 1951, 22: 


tion 
Shaw, J. Thoracic Surgq., 
149.—(R. E. Mactuigg) 
Pneumothorax in Purulent Pleurisy._-Two 
cases of purulent pleurisy became suddenly 
complicated by pneumothorax. They illustrate 
situations in which relatively simple surgical 
procedures are valuable. The first patient, a 
3-vear-old be Vv, Was hospitalized for cough and 
a pain in the right side. His illness began with 
diarrhea about two weeks earlier, followed by 
symptoms of “‘grippe,”’ in the course of which 
the child suddenly became worse. On the day 
chest 


showed fluid and air in the right pleural space 


he was admitted, a roentgenogram 
Yellow pus containing Staphylococcus aureus 
was aspirated and a bronchopleural fistula was 
suspected. It was decided to do a costotomy 


with closed drainage under water. Twenty 


four hours later, the fluid and air had com 
pletely disappeared and the patient left the 
hospital the next dav, thirty-six hours after 
admission. He remained well, and six months 
faint 


boy 


roentgenogram showed only a 


The second 


later a 
pleural shadow patient, a 
eighteen months old, was admitted because a 


had 


A roentgenogram taken the next day 


pulmonary infection suddenly become 


worse 
beginning together 


showed pneumothorax 


with annular shadows suggesting cysts. Sub 
sequent films showed an increasing pneumo 
thorax. Pus was aspirated, presumably from 


one or more infected cysts. Radical surgical 
was contraindicated by the age 


The air 


through an 


intervention 
and the serious condition of the child 
and pus were quickly drained 
intravenous needle inserted in the 
The child recovered.— cas 
pneumothoraz a soupape, J-M. Lemieux & 

Thibaudeau, Laval med., March, 1953, 18: 
A. T. Laird 


ordinary 


thoracic wall 


Bronchogenic Carcinoma.—An 


men with lung cancer, onl) 


per cent) 
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had never consistently smoked as much as one 
cigarette a day for as long as a year. Among 
the same number of control patients with other 
diseases, 61 (4.5 per cent) were non-smokers. 
Of the group with carcinoma 25 per cent had 
smoked 25 or more cigarettes daily, or the 
equivalent in pipe tobacco, for at least ten 
years in comparison with 13 per cent of the 
controls. Among 108 women with lung cancer, 
37 per cent were non-smokers compared with 
55 per cent of the controls; 11 per cent had 
smoked 25 or more cigarettes a day compared 
with 1 per cent of the controls. No appreci- 
able differences were found between patients 
with lung cancer and other patients in the use 
of lighters (43 and 41 per cent) or in the use of 
hand-rolled cigarettes (21 and 19 per cent). 
Five per cent of the patients with lung cancer 
regularly used a cigarette holder compared 
with 12 per cent of the controls, and only 3 of 
504 smoked filter-tipped cigarettes compared 
with 15 of 467 controls. The lower propor- 
tion of pipe smokers (4 per cent) among men 
with lung cancer compared with a 7 per cent 
incidence of male controls who smoked sug- 
gests partial removal of some active agent 
before it reaches the respiratory tract. There 
was no statistical difference of patients who 
inhaled in the control and lung carcinoma 


groups. No correlation was noted with histo- 
logic types, although the total number of 
proved cases of adenocarcinoma, 43, was too 
no difference exists. 


small to conclude that 
No responsible agent in tobacco smoke has 
A study of the aetiology of 
A. B. Hill, 


N 0. 


been detected 
carcinoma of the lung, R. Doll & 
Brit. M. J., December 13, 1952, 
271.—(E. A. Riley) 

Bronchial Fibrosarcoma.—Primary fibro- 
sarcoma of the lung is rare, and such a lesion 
arising in a bronchus has been reported in 
only a few instances; diagnosis by broncho- 
scopic biopsy was accomplished in only 7 
previously reported Because these 
lesions are rare, no plan of therapy can be 


cases. 


based on experience. The malignancy of the 
lesion and the impossibility of determining 
bronchoscopically the extent of its penetration 


into the lung suggest that pulmonary resection 
is the therapy of choice. The tendency of 
fibrosarcoma to be relatively radioresistant 
strengthens this opinion. Three cases of fibro- 
sarcoma of the bronchus were diagnosed by 
bronchoscopic biopsy. One patient with a 
primary bronchial fibrosarcoma, seen rela- 
tively early and treated by resection limited 
to the right middle and lower lobes, was alive 
and apparently well thirteen months after 
operation. Fibrosarcoma of the bronchus, in 
common with lesions of this type encountered 
elsewhere in the body, is said to be a slowly 
growing tumor which spreads principally, if 
not exclusively, by local invasion; personal 
and reported experiences lend little support to 
that viewpoint. With exceptions, this entity 
has proved to be highly fatal, usually causing 
death two years or less after the time symp- 
toms first appear.—Fibrosarcoma of the bron- 
chus, C. F. Storey, J. Thoracic Surg., July, 
1952, 24: 16.—(R. E. MacQuigg) 


Tracheal Myxochondroma.—A patient with 
tracheal obstruction by a benign myxochon- 
droma was treated by tracheotomy followed 
by resection of the involved tracheal wall. A 
full-thickness skin graft taken from the inner 
aspect of the right arm was reinforced with 
No. 28 gauge stainless steel wire, after the 
manner of Gebauer, and sutured into the de- 
fect so that airtight closure was accomplished. 
Re-examination one year later showed normal 
vocal cords and a widely patent trachea.— 
Myzxochondroma of the trachea, B. H. Evans, 
J. Thoracic Surg., December, 1951, 22: 585. 
(R. E. MacQuigg) 


Reconstruction of Trachea and Bronchi. 
The best reconstruction method for the tra- 
chea or bronchi is excision of the damaged or 
constricted area and anastomosis. This is fa- 
cilitated if partial pulmonary resection is also 
necessary. Of the available autografts, wire- 
supported skin is best, and its clinical useful- 
ness has been proved. Bronchial autografts are 
ideal, but their use is limited by their avail- 
ability and unique clinical circumstances. 
Tubular prostheses provoke the formation of 
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a fibrous cylinder all around them, and their 
use may be only temporarily successful.— Re- 
constructive surgery of the trachea and bronchi: 
Late results with dermal grafts, P. W. Ge- 
bauer, J. Thoracic Surg., December, 1951, 22: 
568. —(R. E. MacQuigg) 
Mediastinal Liposarcoma.—Both a lipoma 
and a liposarcoma were completely removed 
from the superior mediastinum. Three months 
later the patient was asymptomatic and had 
essentially negative roentgenograms. This is 
the sixth case of solitary liposarcoma confined 
to the mediastinum. Thoracotomy usually is 
mandatory for accurate histologic diagnosis 
Allunilateral circumscribed mediastinal tumors 
should be explored since approximately 25 per 
cent of these tumors are malignant. Many 
originally benign lesions tend to become malig 
nant and even benign tumors can cause serious 
illness or death by pressing on adjacent struc 
tures. Patients with liposarcoma have a doubt 
ful prognosis as the tumor may recur locally, 
sometimes after a long interval.—Liposarcoma 
of the mediastinum, C. F & K. P. 
Knutson, J. Thoracic Surg., September, 1951, 
22: 300.—(R. E. MactQuigg) 


Store 


Unusual Mediastinal Cyst.—A benign medi 
astinal cyst resembled clinically a bronchio 
genic carcinoma with mediastinal invasion. It 


decreased remarkably in size with radiother- 


apy and nitrogen mustard injections, especially 
the latter 
tributed to the vomiting and dehydration 
to the 


This decrease in size could be at 
caused by the nitrogen mustard or 
shrinkage by radiation therapy of the lym- 
phatics which filled the cyst. As doubts of the 
diagnosis grew, the patient was readmitted for 
right exploratory thoracotomy, and a cystic 
cavernous lymphangioma, 10 cm. in the long- 
est diameter, was found between the superior 
vena cava, the azygos vein, and the esophagus. 
Nearly a year later the patient was working 
full time with no symptoms referable to the 
chest. Exploratory thoracotomy seems indi 
thought to 

with 


cated for have a 


bronchiogenic 


any patient 


carcinoma a paralyzed 


vocal cord unless definite evidence of tumor 


exists elsewhere.—Case report: An unusual 
mediastinal cyst, E. F. Skinner, H. Isbell, & 
D. Carr, J. Thoracic Surg., May, 1952, 23: 
502 (R. E MacQQuigg) 

Fistula in 
tracheo-esophageal or 


Congenital Esophagobronchial 
Adults. 


broncho-esophageal fistulas in adults have 


Congenital 


been proved in only 4 cases. Another occurred 
in a 40-year-old woman who had had a pro- 
ductive coughsince early childhood A broncho 
esophageal fistula was demonstrated with 
barium. At operation a fistula was found be 
tween the esophagus and the basal bronchus 
of the left lower lobe, which was divided. Al 
though lower lobectomy and lingulectomy had 
been planned, they could not be done because 
the patient’s condition deteriorated. Eighteen 
days later the incision was reopened and a 
patent ductus was divided between clamps 
Left pneumonectomy was performed; during 
it, an artery was found to arise from the aorta 
immediately above the site of the fistula and 
to communicate with the basal branch of the 
pulmonary artery. Complete recovery fol- 
lowed. Perhaps many so-called spontaneous 
fistulas in adults are really congenital, al 
though symptoms may be delayed because a 
thin membrane persists for a time or because 
a valvelike fold prevents pulmonary aspira 
tion.—Congenital esophagobronchial fistula in 
an adult, J. KR. Berman, P. S. Test, & B. A 
VcArt, J. Thoracic Surg., November, 1952, 24: 
193.—(R. E. MacQurgg) 


Esophageal Achalasia.—In 1927, Rake 
showed that the cells of Auerbach’s plexus in 
the lower esophagus are absent or degenerate 
The scarcity of 


ganglion cells correlated with the degree of 


in patients with achalasia 
achalasia. The terminal esophagus in some 
patients with achalasia dilates like a sphincter 
under the influence of amy] nitrite and ergota- 
mine; hypertrophied circular muscle fibers in 
the distal 2 or 3 cm. of the esophagus act like 
a sphincter. The scarcity or absence of ganglia 
cells in the terminal esophagus may be con 
genital or developmental. Psychogenic causes 
have been suggested for the achalasia but the 
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emotional problems of these patients soon dis- 
appear when normal eating is restored and are 
likely due to their esophageal dysfunction. 
Most of the patients do tend to be appre 
hensive and introspective. Only those thera 


peutic measures which enlarge the inferior 


esophageal segment and cardia have suc 
ceeded. Most surgeons who employ the Finney 
type of cardioplasty have stated that there is 
more symptomatic than objective evidence of 
relief. The Heineke-Mikulicz procedure gives 
both symptomatic relief and objective evi- 
dence that the dilated esophagus becomes 
smaller. Although the patient is able to swal- 
low, regurgitation esophagitis and gastritis 
with secondary bleeding and anemia are com- 
mon. After Heineke-Mikulicz or Finney 
cardioplasties, 9 of 32 patients had esophageal 
In 4 of the patients, 
bleeding was severe. All of the 9 patients had 
to follow a careful ulcer regimen even though 
there was no hyperchlorhydria. Since better 


bleeding and anemia 


long-range results might follow resection of the 
lower esophagus, the cardia, and fundus of the 
stomach, 3 patients were so treated. For two 
years all were able to eat satisfactorily, but 
one followed an ulcer regimen because of re- 
gurgitation esophagitis and hemorrhage one 
month postoperatively. The results were no 
better than after a modified Heller operation, 
which is considerably less extensive During 
the past year 6 patients were operated upon 
by a modified Heller technique. There was no 
esophagitis and 


evidence of postoperative 


bleeding. Wangensteen, in discussing the 


paper, made a plea for earlier operative my- 
otomy if one or two attempts at dilatation 
failed 
with the 
stomach, orfly for a tortuous, baglike esopha 


He excised the distal segment, together 


entire acid-secreting area of the 


gus. A coincidental Ramstedt procedure was 
on the pyloris to ensure satisfactory 
of the 


procedure 


done 
gastric emptying alter excision 
attends the 


vagi 
which necessarily 
Mega-esophagus, congenital hypertrophic py 
loric stenosis, and mega-colon may be related 
entities Observations as to the etiology and 


treatment of achalasia of the esophagus, E.B 


Kay, J. Thoracic Surg., September, 1951, 22: 
254.—(R. E. MacQluigg) 
Dilatation for Cardiospasm.—Cardiospasm 
(achalasia, mega-esophagus, or preventricu- 
losis) is a nonorganic stenosis of the lower 
esophagus and is seldom more than 4 to 6 
em. long. Diffuse spasm is a separate entity 
which occasionally coexists with cardiospasm 
but does not respond to treatment in the same 
manner. The two entities may readily be dif- 
ferentiated by passing an olive-tipped bougie 
over a previously swallowed thread. Plum 
mer’s hydrostatic dilator also is passed over a 
thread. Nearly all patients get a thread in 
place if they persist. When the thread is firmly 
anchored, a 41 French olive-tipped metal 
bougie attached to a flexible whalebone staff 
is passed into the stomach. A 50 or 60 F. 
Plummer sound is then guided over the thread 
by a flexible wire spiral. Following the passage 
of these sounds, the patient rests for forty- 
eight to seventy-two hours. The Plummer 
dilator is passed again just after a 41 olive 
which defines the exact level of the obstruc 
tion. Once in place the bag is carefully inflated 
to 22 to 24 feet of water pressure and the pres 
sure The 
beneficial effects are immediate. If complete 


maintained for several seconds 
relief from dysphagia is not obtained, a second 
hydrostatic dilatation is forty- 


eight or seventy-two hours after the first. Two 


performed 


or three hydrostatic dilatations usually suffice 
Of 601 cases of cardiospasm so treated, 205 
had had some previous dilatation. An esoph- 
agoscope had to be used to aid the dilatation 
of 39 patients; 46 were treated by sounds with- 
out hydrostatic dilatations. Of the 555 new 
patients treated with the hydrostatic dilator, 
452 could be followed. A satisfactory result 
with dysphagia or only transient difficulty for 
at least four years was obtained in 313 cases 
(69.2 per cent). Patients who did not respond 
satisfactorily to the initial course were less 
likely to obtain good results following a sec- 
ond course (38.3 per cent) or from additional 
courses (19.1 per cent). Patients with pulsion 
diverticula of the esophagus were more dif- 
ficult to treat and had poor results, as did 


ABSTRACTS 53 


those with hiatal hernia. Hiatal hernias of the 
short esophagus type were particularly trouble 
some and dilatation of the cardiospasm in 
such cases was hazardous, 10 cases of eso 
phageal rupture occurring near the cardia. Of 
these patients, 2 died of mediastinitis and a 
third had empyema requiring surgical drain 
age. In another case, the lower part of the 
esophagus and the upper part of the stomach 
were resected and the patient did well. The 
remaining 6 patients recovered completely 
with conservative therapy. Operative treat 
ment should be considered whenever hydro 
static dilatation or more conservative meas- 
ures do not give satisfactory results, which is 
true for approximately 20 per cent of the 
patients. Most of the procedures permit re- 
gurgitation of gastric secretions causing in- 
flammatory changes in the lower esophagus 
No definite conclusions can be drawn from 
the 23 cases treated surgically because eight 
different operative procedures were used. The 
Heller operation appears to be best; it retains 
some of the cardia’s sphincteric function. After 
an operation which destroys sphincteric ac 
tion, the gastric acidity should be reduced. 

The treatment of cardiospasm: Analysis of a 
A. M. Olsen, S. W 
rsch, & H. A. Ander 


August, 1951, 22: 164 


twelve exrpervence, 

Harrington, H. J. Mo 

sen, J. Thoracic Surg., 
(R. E. MacQuigg) 


jear 


Mercury-Bag for Passing Esophageal 
String.—Graduated dilators guided through 
the esophagus by passage over 4 slightly 
tensed, previously swallowed string were intro 
duced by Mixter in 1909 and are now in com 
mon use for a variety of esophageal strictures 
A rubber finger cot containing 2 cc. of mercury 
was used to anchor the string on twelve occa 
sions. The method is fast, 
as a means of carrying the string down the 


safe, and reliable 


gastrointestinal tract, and not to serve asa 
bougie. The use of a swallowed string for 
esophageal dilatation is contraindicated in the 


yresence of an anatomic loop, such as a gastro 
I 


enteroenterostomy, at 
for the string 


enterostomy or any 
level in the alimentary tract 


may circle the loop and ulcerate the mucosa 


as reported by Hubbard and Leven.—Mercury- 
bag bolus to expedite passage of esophageal di 
lator guide string, F. H. Aves, G. Desforges, & 
J. W. Strieder, J. Thoracic Surg., July, 1962, 
24: 34.—(R. E. MacQQuigg) 
Acute Cardiac Arrest.—In acute cardiac 
arrest, the quickest approach should be used 
for manual compression of the heart. Usually 
a direct transthoracic ap 
efficient 


this will be by 
proach. Artificial 
artificial ventilation allow time for additional 


circulation and 
therapy. This consists of intravenous or intra 
arterial transfusions if the blood volume has 
been depleted. A patient who has been hypoxic 
for a long period may suffer irreparable dam- 
age to the brain in much less time than the 
arbitrary three and one-half minutes. Harken, 
in discussing the paper, cited work of Claff 
and Dickson which indicated that the best de 
fibrillating equipment must be capable of 
giving one or two brief shocks of 140 volts at 
3 amperes. Bailey stressed that success in 
cardiac resuscitation depends upon the training 
of the anesthetist to recognize the condition 
and upon prompt thoracie intervention. He 
used epinephrine, 0.5 ce. initially, to restore 
myocardial tonus, if there was ventricular 
fibrillation which did not respond to electric 
shock, and to improve the heartbeat after 
overcoming the standstill. The minimum cur- 
rent that will defibrillate an adult ventricle is 
110 volts at 5 to 10 amperes. Potts stressed the 
prevention of these accidents by proper anes 
thetic techniques because inadequate exchange 
of gases and excessive anesthetic agents are 
the cause of idiopathic cardiac arrest.— Analy- 
sis of twenty-seven cases of acute cardiac arrest, 
J. L. Ehrenhaft, D. W. Eastwood, & L. E 
Morris, J. Thoracic Surg., December, 1951, 
22: 692.—(R. E. MacQQuigg) 
Removal of Cardiac Lipoma.—A 
lipoma was removed from the heart, appar- 
ently for the first time. It is the second instance 
of the 
tumor. The tumor presented is the largest 


primary 


successful removal of any cardiac 


primary one, malignant or benign, described 


in the literature. Only 2 proved cases of pri 
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mary lipoma of the heart have previously been 
reported.—Successful removal of tumor of the 
heart, E. R. Maurer, J. Thoracic S iTq., May, 
1952, 23: 479 R. E. MactQuigg) 


Surgery for Pulmonary Stenosis.—In 30 
consecutive cases of the tetralogy of Fallot, 
direct intracardiac relief of pulmonary stenosis 
The stenosis was thought to 
12, and 
The 
currently accepted procedures for relieving 


was attempted 
be valvular in 15, infundibular in 
localized to the pulmonary artery in 3. 
stenosis in the tetralogy are 
dangerous additional 
defect is produced. The direct approach would 


pulmonary 
because an vascular 
appear to offer a more satisfactory long-term 
solution. Some cases will require a shunt, but 
these should be selected only after thorough 
intrapericardial assessment of the anatomic 
situation. 
pulmonary stenosis in the te tralogy of Fallot, 
R. B. Glover, C. P. Bailey, T. J. E. O'Neill, 
D. F. Downing, & C. R. E. Wells, J. Thoracic 
Surg., January, 1952, 23: 14.—(R. E. Mac- 


Quigg) 


Pulmonary Stenosis.—Since the operative 
procedures for correcting infundibular stenosis 
and pulmonary stenosis are different, increas- 
ing importance has been attached to the pre- 
operative differentiation of these conditions. 
During cardiac catheterization, fluoroscopic 
observation of the catheter tip and continuous 
pressure determinations will allow anatomical 
localization of the site at which the change 
from high right ventricular pressure to low 
pulmonary arterial pressure occurs. Under 
ideal conditions it can be determined whether 
this change occurs abruptly in the region of 
the pulmonary valve. In infundibular stenosis 
it is frequently possible to detect an inter- 
mediate zone of pressure in the outflow tract 
of the right ventricle which is characteristic of 
infundibular stenosis. The absence of this find 
ing does not necessarily mean, however, that 
infundibular stenosis is not present. The mag- 
nitude of pressure differences between the 
infundibular region and right ventricle proper 
depends upon the degree of infundibular steno- 


The direct intracardiac relief of 


sis relative to that present at the valve. If 
the stenosis is mild or localized close to the 
valve, the intermediate high pressure zone 
may not be apparent.—The problem of isolated 
valvular versus infundibular pulmonic stenosis 
with particular reference to cardiac catheteriza- 
tion data and records obtained at the time of 
operation, D.C. Connolly, R. Lev, J. W. Kirk 
lin, & E. H. Wood, Proc. Staff Meet., Mayo 
Clin., February, 11, 1953, 281: 65.—(E. A 
Rile j) 


The pulmonary 


Pulmonary Valvulotomy. 
valvulotomy described by Brock was modified 


by using the midline sternal-splitting approach 
instead of the left anterior intercostal approach 
requiring manual displacement of the heart 
into the left thorax. The procedure was per- 
formed in 8 patients. Good functional results 
were obtained even when the right ventricular 
pressure was not elevated to extreme levels 
and when mild pulmonary hypertension was 
present. No deaths occurred.—Pulmonary 
valvulotomy, H. B. Shumacker, Jr. & P. R. 
Lurie, J. Thoracic Surg., February, 1953, 25: 


173.—(R. E. MacQuigg) 


Results of Blalock Shunts.—Among 200 
patients with congenital heart disease treated 
by Blalock-Taussig anastomotic operations, 
more than 80 per cent had tetralogy of Fallot 
and gave the best results. In the series, 75 per 
cent of the patients were between the ages of 
five and fourteen years. The diagnosis was 
usually based upon clinical examination. 
Angiocardiography helped in 
doubtful cases and in deciding upon operation. 
Cardiac catheterization showed evidence of a 


diagnosing 


right to left shunt by pressure determinations 
and oxygen studies. The usual operative pro- 
cedure was an end-to-end anastomosis of the 
left subclavian artery to the left pulmonary 
artery. The follow-up period varied from one 
to five years. Good results were obtained in 
68 per cent; 17 patients were improved, 17 
showed no change, and there were 24 (12 per 
cent) operative deaths. Among this group, 13 
patients had some lesion other than an un- 


complicated tetralogy and 5 were over the 
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age of nineteen. All except one died within 
seventy-two hours of operation. Postopera- 
tively a murmur could be heard resembling 
that of a patent ductus arteriosus; a thrill was 
unusual. Clubbing regressed but seldom dis- 
appeared. Cyanosis improved, and the hemo- 
globin concentration tended to fall toward 
normal. Cardiac enlargment occurred fairly 
rapidly after operation. Patients with large 
hearts preoperatively did not do so well as 
those with hearts of normal size. Too large an 
anastomosis was suspected in patients whose 
hearts continued to enlarge after the initial 
increase. Congestive failure was then a serious 
possibility. Symptoms improved immediately 
after operation and subsequent deterioration 
or evidence that the shunt was decreasing in 
size was rare. The radial pulse disappeared on 
the operative side. Horner’s syndrome and 
minor cerebral thrombosis, both uncommon, 
have been the only postoperative complica- 
tions.—Results of the Blalock-Taussig opera- 
tion in 200 cases of morbus caeruleus, M. 
Campbell & D. Deuchar, Brit. M. J., Febru- 
ary 14, 1958, No. 4806: 349.—(E. A. Riley) 


Mitral Stenosis.—Surgical treatment of 
mitral stenosis was carried out in 13 patients. 
Most of them had marked invalidism not re- 
lieved by adequate medical treatment. The 
results were good to excellent in 10 patients, 
2 were failures, and there was one death. 
Apical systolic murmurs were unchanged post- 
operatively in 5 patients, more marked in 2, 
and less marked in 2, while the intensity of 
the diastolic murmur decreased in 8 patients. 
When successful, the operation resulted in 
decreased pressures in the pulmonary circula- 
tion, increased cardiac output, reduction of 
the heart size, and a remarkable improvement 
in functional capacity. The chief indication for 
operative treatment is predominant mitral 
stenosis with little er no mitral insufficiency, 
aortic valvular disease, or severe myocardial 
disease, as determined by clinical examination, 
roentgenograms, and cardiac catheterization. 
Operation has not been performed in patients 
with minor symptoms or in the absence of an 
pulmonary 


increase in the pressure in the 


circuit. Mitral valvulotomy is contraindicated 
in clinically active rheumatic carditis or sub- 
acute bacterial endocarditis and in marked 
cardiac insufficiency, right heart failure, 
marked mitral insufficiency, or aortic valvular 
disease. Neither auricular fibrillation nor con- 
siderable cardiac enlargment is a serious 
contraindication. Digital rupture of the 
stenosed valves is generally easy to perform 
at the commissures, the site of preference. The 
mitral orifice should preferably be dilated 
to permit the passage of one and one-half to 
two fingers. If an adequate opening is not se- 
cured, there will be less benefit from the opera- 
tion and a greater risk of postoperative throm- 
bosis in the left auricle. A successful slit in the 
stenosed valves is generally followed by a 
reduction in pressure and size of a tense left 
auricle, while, at the same time, the small left 
ventricle expands, demonstrating powerful, 
sweeping contractions instead of the previous 
small and rapid beats. The picture may even 
give the impression of imminent cardiac dila- 
tation but, provided routine preoperative 
digitalization has been complete, further ob- 
servation will disprove this impression.— 
Studies in mitral stenosis: I. Results of one 
year’s series of surgically treated cases, H. B. 
Wulff, G. Biérck, N. P. Bergh, H. Krook, O. 
Azén, & O. Lundskog, Acta med. Scandinav., 
1952, 144: 275 —(K. T. Bird) 


Commissurotomy for Mitral Stenosis.—The 
first 256 consecutive commissurotomies for 
mitral stenosis were reviewed. The operative 
mortality for the 199 cases in 1951 and 1952 
was 4 per cent. The youngest patient was four 


years of age and the oldest, fifty-nine, with an 


average age of thirty-five years. Of the series, 
164 patients have been followed for six months 
to three and one-half years. At least six 
months must elapse before the patient can 
appreciate the subjective benefits, and a 
longer period is often required for objective 
changes to stabilize. In 21 patients, cerebral, 
visceral, or peripheral emboli had occurred 
before operation. Of these, 14 had auricular 
fibrillation but only 9 had gross thrombi in 


the left auricular appendage at operation. No 
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embolic episodes have occurred postopera 
tively in any of these 21 patients. The relief 
of left atrial stasis by opening the valve is at 
least as important as the ligation of the base 
of the left auricular appendage in achieving 
this fibrillation is not a 


contraindication to 


result. Auricular 


unless the ven 


In 69 


surgery 
tricular rate is entirely uncontrollable 
patients with auricular fibrillation, the even 
tual results compared favorably with those in 
patients with sinus rhythm. Cardiac catheter 
ization of 14 patients five to twenty-three 
months after surgery showed that the pressure 
changes in the first postoperative month do 
not necessarily reflect the ultimate pressure 
Despite the pathologic nature of the valve, 
satisfactory separation of the valve leaflets 
was accomplished in 157 cases. Valve function 
could not be restored in approximately 25 
fibrotic 
which destroyed the pliability of the cusps 


knife 


was necessary in approximately 30 per cent of 


cases of scarring and calcification 


Use of the guillotine commissurotomy 


the cases. In an additional 20 to 40 per cent, a 
more thorough commissurotomy could be per- 
Two patients awoke from anesthesia 


A third, 


emboli before operation and whose appendage 


formed 
with hemiplegia who had had many 
contained a clot, developed pain in the pop 
liteal area shortly after surgery. Eventually 
a mid-thigh amputation was necessary and 
the patient recovered. No fresh emboli could 
be found in the amputated limb, the vessels 
of which were thickened and contracted as in 
thromboangiitis obliterans. No exacerbations 
of acute rheumatic fever occurred but pleuro 
pericarditis, which may have been rheumatic, 
appeared transiently during the first six post- 
operative months in 63 patients. Although pa- 
tients referred for surgery late in the course of 
their disease have been restored to a high level 
of efficiency and enjoy a more normal life, they 
must always remain under a physician’s care 
The selection of patients for operation at an 
early age is a responsibility of both physician 


and surgeon, who can no longer avoid or post 


pone it. In discussing this paper, Black agreed 
with Bailey that the béte noir of mitral surgery 
is the production of emboli, either ol! blood 


clots or calcium particles from the valve; 
temporarily obstructing the arteries in the 
neck rather than in the chest may 


duced the hazard of embolism.—The 


have re- 

indica 
tions for and the results of commissurotomy for 
mitral stenosis, R. P. Glover, T. J. E. O'Neill, 
J.S.C. Harris, & O. H. Janton, J. Thoracic 
Mac- 


Surg., January, 1953, 25: 55 (R. E 


Quigg) 


Constrictive Pericarditis.—A patient with 
combined constrictive pericarditis and con 
strictive pleuritis was successfully treated by 
pericardiectomy and bilateral pulmonary de 
cortication. The constrictions were apparently 
the result of a crushing injury to the chest 
with uninfected bilateral hemothorax and 
hemopericardium. Discussion of this paper re 
vealed divergent opinions in regard to the im- 
the 


pro 


portance of releasing various areas of 
heart. Ek. Holman stated that he had 
duced all of the symptoms of cardiac com 
pression by constricting the right heart alone; 
the left 
symptoms of the usual type. Overholt recalled 


constricting heart alone gave no 
that Schmieden in 1926 pointed out that the 
left ventricle must be freed completely. There 
has since been disagreement as to whether the 
other portions of the heart should be liberated 
Two years earlier, most of the discussants had 
favored extending decortication to include the 
vena cava but Dexter, by cardiac catheteriza 
tion, demonstrated patients in whom the dif 
due to left 
Sweet never saw eV idence ot ob 
struction on the right the heart 
Woodbury catheterized 8 patients and never 
found that the 
between peripheral vein and right atrium; thus 
did not the 


elevated peripheral venous pressure. Hansen 


ficulty was entirely ventricular 
constriction 
border of 
increased 


pressure gradient 


vena caval constriction cause 
of Copenhagen catheterized 10 patients with 
constrictive pericarditis and never found pres 
sure gradients in the great vessel indicating 
Thus the 


elevated venous pressures must be due to im 


localized constriction at any point 
paired ventricular function. This interference 
is not confined to the right ventricle alone 
pulmonary 


since pulmonary capillary and 
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arterial pressures were elevated in each of the 
18 cases. Woodbury was convinced by this 
evidence that the left ventricle should be com 
pletely liberated whenever pericardiectomy is 
performed for constrictive pericarditis.—Con 


strictwe pericarditis and constrictive pleuritis 
treated by periwcardivectomy and pulmonary de 
cortication, C. S. Burwell, J. W. Woodbury, & 
J H Walker, J Thoracic Surq., January. 


1952, 23: 1 (R E Mact) 1199 


Restoration of the Coronary Circulation. 
In coronary arteriosclerosis the lumina of the 
large and medium-sized coronary arteries are 
progressively occluded by subintimal thicken 
ing. The smaller branches without muscular 


coats are spared. Hence, an adequate collateral 


blood supply might be developed through 


these smaller branches. Only a small percent 


age of the normal coronary flow can be re 
placed from extracardiac sources by suturing 
the heart or by 


adhesions 


adjacent vascular tissues to 


producing vascularized between 


pericardium and epicardium with tale or 


asbestos. Arterialization of the coronary sinus 
to reverse the flow of blood through it was 
suggested by Roberts and was carried out in 
animals and in patients by Beck and his co- 
workers. Communications between the super 
ficial 
normally drain blood through small openings 
These 
blood 


to escape by 


cardiac and deep myocardial veins 


into certain cardiac chambers com 
entering 
sinus of the 
This blood is lost from the 


capillary bed and does not nourish the cardiac 


munications permit arterial 


the coronary Way 
myocardial veins 
muscle but the communications afford a val 
uable safety mechanism regulating the retro 
without defeating the purpose of 


studies of the 


grade flow 
the 
hearts of 3 dogs following the Beck procedure 
demonstrate that the branches 


arterialization. Injection 


of the coronary 


sinus establish large epicardial anastomoses 


with the small cardiac ind anterior cardiac 


veins of the right ventricle. The left side of 
richer 
the 


continuous 


much 


the heart and septum p 


and venous tem than does 


arterial 


right side The coronary sinus is 


with capillaries of the left ventricle and sep 


tum: it also has several collateral channels 
The 


mvocardium is better nourished after the Beck 


leading to the lumen of the right atrium 


procedure because: (/) arterial blood flows 
retrograde through the extensive venous tribu 
taries of the coronary sinus, providing new 
avenues to the capillary bed; and (2) branches 
of the coronary vessels anastomose with such 
extracardiac arteries at the base of the heart 
as those of the pericardium, vasa vasorum of 
the aorta and pulmonary vessels, and new 
arterioles growing into the wall of the vein 
A recent myocardial infarction contra 
the 
operation must be deferred until the patient’s 


graft 
indicates surgery for at least six months; 


electrocardiograms have been invariable for 
four to six months. Two myocardial infarctions 
within one year or multiple infarctions are 
contraindications. Congestive heart failure or 
gallop rhythm is an absolute contraindication 
The myocardial damage usually is too ex 
tensive to be aided by operative interference 
when patients have suffered congestive failure 
For 


calcified aorta 


on the basis of coronary artery disease 


a markedly 
Digitalization prior to 


technical reasons, 
is a contraindication 
surgery is not helpful and may initiate trouble 
some arrhythmias or conduction defects. In 
the original Beck technique, heavy plastic 
ligatures passed around the coronary sinus ap 
proximately one centimeter from its terminus 
are left l of a 


segment of a large superficial vein, previously 


loose about the sinus. One en 


is then sutured into the 


loose 


removed for grafting, 
side of the coronary sinus proximal to the 
A special toothed clamp is used to 
isolate a portion of wall without interrupting 
the aortic blood flow then 
anastomosed to this isolated area. Three weeks 


the 


ligatures 


The vein graft 


ater, the former incision is opened and 
mm 
| en 


withdrawn, some of the sinu 


plastic ligatures are tightened over a 
probe laid against the coronary sinus 
the sound is 
blood can escape into the right atriu 

of the blood flows from the aorta through the 
its tril 
The Beck procedure was modified by 
a button of aortic wall rather thar 

longitudinal incision; this prevents « 


vein graft into the sinus and 


excising 
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thrombosis of the vein graft. Of the 18 patients 
operated upon, 2 died: one from a sudden 
hemorrhage at the side of the aortic anasto- 
mosis on the seventh day; the other a few 
hours after surgery, apparently from circula- 
tory depression. Thrombosis of the anasto- 
mosis was found in 7 patients at the time of 
the second operation. The other 7 patients 
have improved, their status ranging from 
“clinical cure” to moderate amelioration of 
symptoms. Objective evaluation of progress 
in cases of coronary disease is always difficult. 
Reversing the blood flow through the coronary 
sinus so changes the electrocardiogram that it 
is valueless as a measure of improvement in 
these cases. The theoretical advantages and 
the subjective improvement of these patients 
are great enough to warrant further use of the 
operation.—The anatomic (histologic) basis and 
efficient clinical surgical technique for the restora- 
tion of the coronary circulation, C. P. Bailey, 
R.C. Truez, A. 8. Angulo, G. D. Geckeler, W. 
Likoff, N. Antonius, & W. B. Neptune, J. 
Thoracic Surg., February, 1953, 25: 143.— 


(R. E. MacQQuigg) 


Wedge Pressures.—In patients studied by 
direct recordings of pressure at operation, 
tracings of pressure made when the catheter 
tip was wedged in a small pulmonary artery 
have been found to correlate closely both in 
pressure and in contour with recordings of 
left atrial pressures made simultaneously. The 
oxygen saturation of blood withdrawn from 
the catheter with the tip in the pulmonary- 
artery wedge position usually exceeds the 
saturation of systemic arterial blood; this 
difference is exaggerated when low mixtures 
of oxygen are breathed. On occasion, venous 
blood can be obtained when the tip of the 
catheter is in the wedge position. The record- 
ing of pressures with the catheter tip in the 
pulmonary-artery wedge position has been free 
from complications in all of the 181 patients 
from whom such tracings have been obtained. 
Satisfactory mitral commissurotomy usually 
is followed by an immediate decrease in left 
atrial and pulmonary-artery pressure, of ap- 


proximately the same magnitude. The con- 


tours of pulmonary-artery wedge pressure 
cannot be considered an infallible index as to 
the presence or absence of mitral insufficiency 
(Author’s summary) .—Pulmonary-artery wedge 
pressures in mitral valve disease: Relationship 
to left atrial pressures, D. C. Connolly, R. G. 
Tompkins, R. Lev, J. W. Kirklin, & E. W. 
Wood, Proc. Staff Meet., Mayo Clin., February 
11, 1953, 28: 72.—(E. A. Riley) 


Oximeter Test of Pulmonary Function.— 
The earpiece oximeter and a basal metabolism 
machine may be used to evaluate the efficiency 
of pulmonary gas exchange. After obtaining 
the basal saturation of the patient while he 
breathes room air, the blood’s oxygen satura- 
tion is lowered to 80 per cent by having him 
re-breathe into the air-filled spirometer. The 
patient is then quickly switched to room-air 
breathing and the time for the saturation to 
rise from 80 to 90 per cent is measured. Meas- 
urements on 55 healthy adults indicated a 
normal re-saturation time in this test of 13.4 
+ 3.4 seconds. Tests on 300 patients with pul- 
monary tuberculosis but without clinical 
cyanosis demonstrated deficiencies in 53 per 
cent. In 38 per cent of the patients exhibiting 
deficiencies, it was possible to estimate whether 
the deficiency was predominantly due to re- 
duced ventilation or to impaired gas diffusion. 
Re-testing of the patients reproduced the re- 
sults well enough to allow the test to be used 
routinely for evaluating patients. In several 
cases, the oximeter has established the pres- 
ence or absence of a pulmonary basis for a 
complaint of dyspnea. Unlike ventilatory tests, 
these oximeter readings cannot be distorted 
by lack of effort, willful or otherwise, on the 
part of the patient.—A simple test of pulmo 
nary function employing the oximeter, R. S. 
Alexander & M. M. Reydman, J. Thoracic 
Surg., January, 1953, 25: 95 —(R. E. Mac- 


Quigg) 


Body Fluids and Electrolytes During Tho- 
racic Surgery.—To determine changes in the 
body fluids and mineral metabolites of pa- 
tients undergoing thoracic surgical procedures, 
20 unselected patients were studied pre- and 
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postoperatively. They received no parenteral! 
therapy other than blood replacement during 
the operation and maintained adequate uri 
nary outputs postoperatively, despite low oral 
fluid intake. Sodium retention was as marked 
following thoracic procedures as after other 
the 24-hour 


cretion decreased from an average of 195.5 


surgical procedures; sodium ex 


mEq per day preoperatively to an average of 
fourth 


operative day. Serum chloride and sodium 


69.7 mEq per day up to the post 
concentrations as well as carbon dioxide com 
bining power remained within normal limits 
Serum potassium and urinary potassium ex- 
cretion were relatively unaffected by uncom 
plicated thoracic surgical procedures. Under- 
estimation of the blood replacement required 
at operation largely explained the low plasma 
volume and total circulating protein in the 
early postoperative period. In this study, blood 
loss was estimated with T-1824 blue dye and 
by the Wangensteen “dry weighted sponge”’ 
method. The extracellular fluid compartment 
markedly expanded postoperatively in 17 of 
the 20 patients. 
serum sodium levels, this increase in extra 


In the presence of normal 


cellular fluid regularly paralleled salt reten 
tion, which explains the extracellular fluid 
fluid 


operatively is dangerous for thoracic surgical 


increase. Increased extracellula: post- 
patients with poor pulmonary reserve, pulmo- 


nary hypertension, and anoxia. Infusions, 
particularly of saline solutions, may produce 
detectable edema. Saline solutions should not 
be administered to a thoracic surgical patient 
intoxication 


unless hyponatremia or water 


exists Body fluid shifts, sodium and potas 
sium metabolism in patients undergoing thoracic 
surgical procedures, E. M. Aronstam, C. H 
Schmidt, & E. Jenkins, Ann 


1953, 137: 316.—(M. J. Small 


Surg., March, 


Severe Irradiation Damage of Lung.—In 
each of 2 patients with typical radiation dam- 
age of one lung, disabling cough and dyspnea 
were markedly relieved by pneumonectomy. 
In the specimens, the hyaline membranes were 
absent. It is believed that they are an arti 


fact. Adams, in discussing the paper, com 


mented that some roentgenologists believed 
that 
contributing factor and gave antimicrobial 


associated infection was an important 
treatment during radiotherapy and the post 
therapy period of maximum reaction. One 
patient, considered inoperable because of low 
pulmonary function, improved greatly on pro 
longed antimicrobial therapy. In cases of 
carcinoma of the breast, esophagus, or other 
adjacent malignancy where the lung may be 
incidentally irradiated, high voltage radiation 
may reduce lung damage. Brantigan and 
Macht have used Dicumarol as anticoagulant 
therapy during radiation therapy. None of 
the patients so treated showed radiation fi 
brosis of the lung on autopsy, even though the 
primary carcinoma receded or almost com 
pletely disappeared. 
vere irradiation damage of the lung, M. Berg 


Thoract S iTg 9 


Pneumonectomy for se 


mann & E Graham, J 


December, 1951, 22: 549.—(R. E 


MV 1199) 


Delayed Roentgenogram in Bronchography. 
In mapping the extent of surgical resection 
for a patient with bronchiectasis, a film taken 
some minutes after bronchography may be 


valuable. Filling an additional segment may 


reveal definite bronchiectasis or may avoid 
needless sacrifice of tissue by eliminating un- 
certainty. When iodized oils are used, excess 
medium in the proximal bronchus shows that 
enough contrast substance is present for com 
plete visualization. Retained secretions, mate 
rial trapped by a stricture, the kinking of a 
bronchus, or air trapped locally as the contrast 
substance flows in may each delay the passage 
of iodized oil. A delayed roentgenogram is indi 
cated when the wet film taken immediately 
following bronchography discloses adequate 
contrast substance in a proximal bronchus but 
none in its peripheral branches. Before the 
additional film is taken, the patient should 
hich 


remain about five minutes in a positio 
favors the medium’s flowing into the unfilled 
segments; in this position he should breathe 
slowly and deeply to encourage maximum dila 
tion and elongation of the bronchi as a further 
aid to entrance of the oil. Such delayed films 


have avoided the need for later instillations of 
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oil and have eliminated transient hydrostatic 
bronchial dilations which might be mistaken 
for minima! bronchiectasis. The delayed roent 
genogram will not obviate the need for ex- 
pectorants, antispasmodics, postural drainage, 
or bronchoscopy when these appear indicated 
Indica 


bron 


as preliminaries to bronchography 

tions for a delayed roentgenogram in 
chography, I. J. Kane & 8. Heiser, J. Thoracic 
Surg., July, 1952, 24: 70 R. E. MacQQuigg) 


ANTIMOCROBIAL THERAPY 


Isoniazid in Pulmonary Tuberculosis. 

Twenty patients with pulmonary tuberculosis 
were observed for a ten-week period while 
being treated with a daily oral divided dose 
of 250 mg. of isonicotinic acid hydrazide. All 
patients had received prior courses of com 
bined streptomycin and para-aminosalicylic 


(PAS); 13 had 
thoracic surgery. At 


previously undergone 
the end of four 


weeks of therapy, the number of organisms 


acid 


major 


per specimen was significantly reduced among 
16 patients with sputum consistently positive 
for tubercle bacilli on smear and on culture 
prior to treatment. At the end of ten weeks, 12 
of the 16 “positive” cases had become “nega 
tive” on direct smear. Cultures with one ex 
ception remained positive for tubercle bacilli 
Cough and volume of sputum were reduced 
patients. One 


Cavitation present in 11 


had 


Wiis 


patient cavity closure in eight weeks; 


cavities decreased in size in 3 patients, in 


creased in size in one, ind showed no change 


in 7 patients. Improvement of other poten 
tially reversible lesions was noted in 7 patients 
A spread occurred in one, and there was no 
significant roentgenographic change in the re 
maining patients. Contrary to experience else 
where, hemoglobin levels definitely tended to 
increase. Most patients noted improved ap 
petite and sense of well-being; fever ad toxic 
symptoms usually cleared within a few days 
Side effects of the drug were unimportant 
One patient developed a moderate hemoptysis 
Clotting 
prothrombin activity 


time was prolonged and plasma 


but re 
after 


was reduced 


turned to normal within two weeks 


isoniazid was discontinued. In 2 patients with 


a prior history of hemoptysis but not included 


in the hemorrhage occurred while 


isoniazid was being given, but hematologic 


series, 


studies showed no abnormality. Because of 
the possibility of adverse reactions such as 
hemoptysis, this drug, particularly if higher 
doses are employed, should be given only in 
a hospital.—IJsonicotinic acid hydrazide in 
pulmonary tuberculosis, A. D. Lapp, G. A 
Black, & J. N. O’ Rafferty, Canad. M.A.J., 
December, 1952, 67: 619.—(E. A. Riley) 
Isoniazid.—Isoniazid was given by mouth 
to 196 patients with pulmonary tuberculosis 
for 120 days in doses of 150 or 300 mg. daily, 
alone or combined with 2 gm. of streptomycin 
given intramuscularly every third day. A pre 
liminary evaluation of the 104 patients who 
completed 120 days of treatment on these 
regimens that 
fective agent for the treatment of pulmonary 


indicates isoniazid is an ef 


tuberculosis. It did not cause serious toxicity 
in this dosage during the first four months of 
therapy. The effectiveness of the drug was 
slight in this dosage when employed alone, 
and drug-resistant organisms emerged rapidly 
in a high percentage of patients. Limited data 
suggested that the combination of isoniazid 
and streptomycin enhanced the therapeutic 
effectiveness and delayed the emergence of 
tubercle bacilli resistant to both agents. Final 
evaluation of isoniazid will depend on a more 


complete analysis based on a large series of 


patients treated for eight to eighteen months 


drug therapy 


Isoniazid therapy in 


with continuous combined 
(Authors’ 
pulmonary tuberculosis: A 
F. W. Pitts, F. L. Miller, W. E. Dye, C. W 
Tempel, & M. J. Fitzpatrick, U. S. Armed 
Forces M. J., 19538, 4: 1 (E. A. 


Riley) 


summary) 


pre liminary re port, 


January, 


Isoniazid and Carbohydrate Metabolism. 
When reducing substances were found in the 
urine of 5 of 24 tuberculous patients receiving 
isoniazid, tests 
used to determine whether isoniazid produced 


oral glucose tolerance were 


any disturbance in the carbohydrate me 


tabolism in 6 diabetic tuberculous patients 
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and 6 nondiabetic tuberculous patients. The 
that the 
therapeutic doses 


results indicate administration of 


isoniazid in produces a 
temporary elevation of the blood sugar and 
makes both the rise and fall of an oral glucose 
tolerance test slower in both diabetic and non 
diabetic patients. In the nondiabetic control 
patients, a mean rise of blood sugar of ap 
per 100 ml 


hours was observed; the rise in diabetic pa 


proximately 20 mg over three 
tients was spectacular over a short period in 
some cases. The insulin requirements of di- 
abetic patients who receive isoniazid thus may 
be increased.—Effect of isoniazid on carbo 
hydrate metabolism in controls and diabetics, 
G. R.W.N. Luntz & S. G. Smith, Brit. M. J.. 
February 7, 1953, No. 4805: 296.—(E. A 


Riley) 


Isoniazid Wis 


Isoniazid in Guinea Pigs. 
given to guinea pigs infected with a strepto 
mycin-sensitive strain of M 
H37Rv three weeks previously and, hence, 
with well-established experimental tuberculo 


tuberculosis 


sis. The dose of isoniazid was 4 to 6 mg. per 
kg. daily for ninety-four days. All isoniazid 
treated animals survived until the end of the 
experiment and, in 50 per cent of them, it was 
impossible to diagnose tuberculosis macro 
scopically The 
only minimal lesions. Evaluation of the degree 


remaining animals showed 
of gross tuberculosis, considering 100 to repre 
sent maximal involvement, gave 70 for the 
untreated control group, 23 for the strepto 
mycin-treated group, and 8 for the isoniazid 
treated group Another series of animals was 
infected with a bacillary strain resistant to 
streptomycin and sensitive to p-aminosali 
eylic acid (PAS). The degree of tuberculous 
involvement was 79 in the controls, 66 in the 
streptomycin group, 70 in the sodium-PAS 
group, and 13 in the isoniazid group.—R 


gresston des lésions anatomiques de la tuber 


trailée 
Voreau, «& 
, 61: 


coba ye 


De lande 


et pe rimentale d 4 par 
J. Baudot, 


Sere na, Pre med Fe br 


(V. Lettes) 


culose 


l'isoniazide, 


sare 


Tuberculous Meningitis.—Thirty-three pa 


tients with tuberculous meningitis have been 


treated with streptomycin and the survivors 
have been re-examined from four to five and a 
half years after the institution of treatment 
Nine (27 per cent) are alive and well and lead 
ing normal lives, 3 are gravely disabled, and 
21 have died after periods ranging from two 
days to sixty months. Spinal block occurred 
in 9 of the patients; 7 are dead, and a partial 


4 Intra 


block persists in one of the 2 survivors 
cranial calcification as seen in skiagrams has 
occurred in 10 of the 13 patients who survived 
long enough for it to develop. Six of these 
are well, 2 are disabled, and 2 have since died 
Relapse of meningitis has occurred in 9 pa 
tients. Only one of these children is alive and 
well, 2 others are disabled, and 6 have died of 
Tuberculous 
meningitis treated with streptomycin: A four 
VM. Russell & P. Mac 
24, 1953, No 


the relapse (Authors’ summary) 


year follow up, 
Arthur, Brit. M. J., January 
48038: 192.—(E. A. Riley) 


PAS and Thyroid Enlargement.—A case of 
thyroid gland enlargement with exophthalmos 
treatment by 
It is suggested that PAS produces its 


followed 
(PAS) 


effect by binding iodine and so preventing the 


p-aminosalicylie acid 


iodization of tyrosine. It may thus have a 
goitrogenic effect similar to that of thiouracil 

Effect of PAS on the 
Hamilton, Brit. M. J., 


4800: 29.—(E. A. Riley) 


(Author’s summary) 
thyroid gland, R. R 
January 3, 19538, No 

Pyrazinamide.— Pyrazinamide (A!dinamide) 


has been used in 19 cases of tuberculous 
lymphadenopathy with draining sinuses. Pa 
tients ranged in age from seventeen months 
to sixty-seven years. Twelve patients were 
treated without operative surgery other than 
repeated aspirations of fluctuant masses in 
three instances. Seven patients were submitted 
for the removal of dis 
Treat 


ment extended for periods of eleven to ninety 


to excisional surgery 
eased tuberculous nodes and sinuses 
days, averaging approximately seventy days 
in the unoperated group and twenty-two days 
schedule 


the 
patient to 


group The dosage 
daily for all 


and 


in the operated 


was | gm. thrice except 


smaller children one elderly 
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whom reduced doses were given. Follow-up 
periods after stopping pyrazinamide in the 
nonoperated group are short, the maximum 
being approximately three months and the 


average only slightly over eight weeks. In only 
one instance has there been any evidence of 
recurrent activity. Two of the operated group 
developed signs of reactivation, one at the 
operative site and one adjacent to the opera- 
tive site following trauma. This may indicate 
the advisability of continuing pyrazinamide 
for longer periods after surgery. One patient 
in the group noted gastrointestinal upset with 
some dizziness.—Use of pyrazinamide (Aldin- 
amide) in the treatment of tuberculous lymph- 
adenopathy and draining sinuses, J. W. V. 
Cordice, L. M. Hill, & L. T. Wright, J. Nat. 
M. A., March, 1953, 45: 87.—(L. Hyde) 


Plasma Levels of Viomycin.—Twenty pa- 
tients with pulmonary tuberculosis received 
single intramuscular injections of viomycin 
sulfate, and the resulting plasma levels were 
determined by an agar diffusion assay tech- 
nique. Ten of the patients received 1 gm. and 
ten 0.5 gm. of the drug. Blood was drawn be- 
fore and at intervals of one, two, four, and 
eight hours thereafter. With both dosages the 
peak plasma levels were obtained one or two 
hours after the drug had been administered. 
All 10 patients receiving the 1.0 gm. dose had 
maximum plasma levels ranging from 61 to 
118 » per ml. Nine of the 10 on the 0.5 gm. 
dose had peak plasma concentrations of 22 to 
43 » per ml.; the levels in the tenth patient 
remained below these values.—Plasma levels 
of viomycin in man after single intramuscular 
, W. E. Dye & W. F. Bull, Am. J 
Clin. Path., January, 1953, 23: 56.-(J. S. 
Woolley) 


mnoect n 


4 short clinica! trial of para thyl- 
thiosemicarbazone (TB 
suffered 


from tuberculosis of the spine or sacroiliac 


if zaldehy 
sullon enzaldehyde 


3) was made in 8 patients who 
joint. The first 4 patients were started on 50 
mg. daily and gradually increased to 200 mg. 
in divided doses. The later cases were 


100 mg 


daily 


started on daily and raised more 


rapidly to 200 mg. daily. No attempt was 
made to assess therapeutic effects since serious 
toxic reaction forced abandonment of the 
clinical trial in its early stages. Among these 
side effects were transient albuminuria with- 
out evidence of permanent renal damage, the 
appearance of reducing substances in the 
urine, anorexia, nausea, vomiting, and anemia. 
—Clinical trial of TB 3 in surgical tuberculosis, 
J. H. Mayer & P. G. Laing, Brit. M. J., 
January 24, 1958, No. 4808: 189. —(E. A. 
Rile y) 


Antituberculosis Activity of Quinolines. 
Nineteen derivatives, including 
eleven 3-amino quinoline derivatives, were 


quinoline 


evaluated for tuberculostatic action upon M. 
tuberculosis H37Rv. In vitro, the most active 
derivatives of 3-amino quinoline and beta 
naphthylamine were those most easily hydro- 
lyzed. Hydrazine derivatives were usually less 
active. In vivo, the sulfonamide derivative 
showed some therapeutic effect for the tu 
berculous guinea pig but was found to be 
toxic. The therapeutic results compared un- 
favorably with those of streptomycin and p- 
aminosalicylic acid.—Chemotherapy of expert- 
mental tuberculosis with quinoline derivatives, 
B. L. Freedlander, A. Furst, & D. Balcom, 
Proc. Soc. Exper. Biol. & Med., October, 1962, 


81: 66.—(E. Soto-Figueroa) 


LABORATORY STUDIES 


Rapid Demonstration of M. tuberculosis in 
Egg-Yolk Sac.—Acid-fast strains of M. tubercu- 
losis were readily demonstrated by smear and 
by subsequent guinea pig inoculation of the 
yolk sac contents of five- to eight-day embryo- 
nated eggs which had been inoculated only 
four to six days previously with suspected speci- 
mens of spinal fluid, pericardial or pleural exu- 
dates, gastric washings, sputum tissues, and ex- 
udates. Of 39 specimens derived from patients 
with various types of tuberculous infection and 
tested in this way, 39 were proved by guinea 
pig inoculation to have M. tuberculosis and of 
11 known negative controls none were ‘“‘posi- 
tive.” The method provides a rapid diagnostic 
method.—Jsolation of M 


tuberculosis by in- 


— 
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oculation of the yolk sac of embryonated eggs, 
J. W. Brueck & G. J. Buddingh, Proc. Soc. 
Exper. Biol. & Med., August-September, 
1952, 80: 589.—(F. B. Seibert) 


Laryngeal and Pharyngeal Swabs.—Of 100 
patients with pulmonary tuberculosis in 
Montevideo, 46 failed to yield M. tuberculosis 
by any method of specimen collection. Conven- 
tional sputum and gastric cultures yielded 
positive results in 44 per cent, whereas com- 
bined pharyngeal and laryngeal swab tech- 
niques increased the percentage to 52. The 
laryngeal swab method proved more sensitive 
than the pharyngeal swab but 9 cases were 
“positive” with the pharyngeal swab alone, 
and the highest percentage of positive results 
was obtained using both methods. The swab 
technique gave negative results in only 2 cases 
with the routine meth 


which were ‘positive’ 
ods. Cultures obtained with laryngeal and 
pharyngeal swabs showed a very low incidence 
of contamination (1.63 per cent). The method 
is simple, rapid, can be performed at any time 
of the day, and repeated if necessary. It gives 
much less discomfort to the patient than gas- 
tric culture du 
bacille de Koch dans les mucosités laryngo- 


lavage.—Recherches sur la 
pharyngéennes prélevées par la methode du 
frottis, A. Saenz, Presse med., March, 1958, 
61: 381.—(V. Lettes) 


Immunization with Living Tubercle Bacilli. 

There are no simple, dependable techniques 
for assessing the protective effects of vaccina- 
tion against tuberculosis. Development of 
tuberculin allergy may indicate that the vac- 
cine has “taken,” but allergy is no index of 
the amount of immunity present. A high level 
of allergy can exist without immunity to in- 
fection and vice versa. There is no present tech- 
nique for the passive transfer of antitubercu- 
losis immunity or for its study in vitro. Even 
with favorable circumstances, the immunity 
produced by injecting attenuated bacilli is 
relatively weak, and many animals must be 
tested for dependable results. In the present 
vaccinated intra- 
attenuated 


mice were 


with 


experiment, 


venously small doses of 


BCG-T or BCG-P or of avirulent H37Ra 
tubercle bacilli. They were challenged with 
the highly virulent MV human strain two or 
more weeks later. The vaccinated mice rapidly 
developed partial resistance against infection 
with virulent bacilli, as indicated by (/) 
prolonged survival of the vaccinated animals 
after a dose of virulent bacilli which killed all 
of the unvaccinated controls in ten to twenty 
days, and (2) fewer bacilli cultured from the 
spleen and lungs of vaccinated animals after a 
small dose of virulent bacilli. The level of im- 
munity depended upon the extent to which the 
bacilli of the vaccine multiplied in vivo. This 
in turn was dependent upon the degree of at- 
tenuation of the bacterial strain used for the 
vaccine, the amount of vaccine injected, the 
route of vaccination, and the time interval 
between vaccination and the challenge infec 
tion. Isoniazid prevented or retarded the de 


velopment of immunity when the mice were 


treated during immunization. Although im- 
munity regularly developed and lasted for 
many weeks when the proper conditions of 
vaccination were used, the immune response 
never protected the animals against death 
from infection with virulent tubercle bacilli. 
The lives of the vaccinated mice were not pro- 
longed by a effect but 
rather by retarded or interrupted multiplica- 
tion of the Antt- 
tuberculous immunity induced in mice by vac 
cination with living culture of attentuated 
tubercle bacilli, R. J. Dubos, C. H. Pierce, & 
W. B. Schaefer, J. Exper. Med., February 1, 
1958, 97: 207.—(J. S. Woolley) 


direct bactericidal 


virulent bacilli in vivo 


Immunization with Killed Tubercle Bacilli. 

Definite antituberculous immunity can be 
induced in animals by vaccinating them with 
bacilli killed by heat, formaldehyde, ultra 
violet radiation, et cetera. To define some of 
the factors which control the development of 
resistance in mice vaccinated with dead bacilli, 
vaccines prepared from strains of various de 
grees of virulence were compared and the 
influence of heat or chemical agents on the 
immunizing antigens was studied. Partial re- 
sistance to subsequent infection developed in 
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white mice following vaccination with small 
numbers of tubercle bacilli killed by contact 
with 2 per cent phenol. Vaccine prepared from 
H37Ra tubercle bacilli proved as 
vaccines prepared from virulent or 


avirulent 
active as 
attenuated bacilli. The immunity induced by 
phenol-killed bacilli persisted at least seven 
weeks but the virulent bacilli of the challenge 
killed, even the 
challenge inoculum was small. As judged by 


infection were never when 


prolonged survival of challenged mice, the 


protective effect of the vaccine could be de 


tected even when the infecting dose was large 
bacilli 
cinated mice after a small challenge infection 


Fewer survived in the organs of vac 
The immunity produced in mice by phenol 
killed bacilli was of the same order as that pro 
live BCG 


s destroyed by 


duced by The protective antigen of 
the 
ticularly in acid. It retained its activity when 
the bacilli 
nonacid-fast by grinding concentrated 
Although the 


it was absent from the soluble 


vaccine W boiling, par 


were disintegrated and rendered 
with 
phenol present in insoluble 
cellular debris, 
components of the cells. Since some immunity 
can be established by injecting small amounts 
of dead bacillary substance, BCG vaccination 
may exert its protective effect, not because 
of some effect of the growing of the bacilli in 
the host, but merely by producing adequate 
amounts of bacillary substance during multi- 
plication in vivo. Since the antigenic substance 
is present in avirulent as well as virulent killed 
bacillary com 
ponent responsible for virulence.—Antituber 
culous immunity in mice vaccinated with killed 
tubercle bacilli, R. J. Dubos, W. B. Schaefer, & 
C.H. Pierce, J. Exper. Med., February 1, 1958, 


J. S. Woolley 


bacilli, it is unrelated to any 


Multiplication of Tubercle Bacilli in Mice. 
The 


measured 


virulence of tubercle bacilli can be 
in terms of the severity and dura 
tion of the lesions produced in animals in 
It is 


variants 


jected with known doses of the bacilli 
still unknown 


differ in 


multiply 


whether bacterial 
virulence because of their ability to 
survive, or to exert toxic effects 


in vivo. The present experiments compared the 


rate and extent of multiplication in vivo of 
strains of tubercle bacilli which differ in their 
pathogenicity for experimental animals. The 
different strains were injected in various doses 
into mice, for the most part intravenously 
By means of agar plate counts, the numbers of 
living bacilli in the lungs and spleen were deter- 
mined at intervals after infection. Strains of 
the variant H37Ra did not multiply in vivo, 
although they survived for many weeks in the 
tissues of the mouse. These organisms are 
truly avirulent. Two BCG bovine strains and 
the R1IRv human strain multiplied in vivo, 
even when extremely small infective doses 
were used, but they did not give rise to pro 
gressive disease. Such strains which produce 
only abortive infections are attenuated. Dif 
ferent detected 
The maximum numbers of living bacilli re 


levels of attenuation were 
covered from the tissues corresponded directly 
to the severity and duration of the abortive 
lesions and were characteristic for each strain 
The two BCG strains differed 
their level of attenuation. Two human types 
(H37Rv 


strains 


markedly in 


and Amerzanga) and two bovine 
tavenel and MV) established progres 
sive infection in mice even when small infective 
Attenuated 


and virulent strains at first were much fewer 


doses were used and are virulent 
in the lungs than in the spleen but increased 
in the former organs throughout the period of 
observation. This was notably true in the case 
of the virulent cultures. The number of living 
bacilli in the spleen rapidly reached a max 
imum with all strains and then decreased pro 
gressively. For a given infective dose and a 
given interval after inoculation, the maximum 
numbers of living bacteria in the spleen and 
in the lungs proved to be a direct expression 
of the virulence of the strain.— Multiplication 
and survwal of tubercle bacilli in the organs of 
mice, C. H. Pierce, R. J. Dubos, & W. B 
Schaefer, J. Exper Med., February 1/, 


97: 189 J.S. Woolle 4) 


19538, 


Effect of Vaccination on Intracellular Tuber- 
cle Bacilli.— Monocytes from peritoneal exu 
date 


either 


infected with 
attenuated. The 


bar 


bacilli 


can be tubercle 


virulent or 
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multiply intracellularly extracellular 


proliferation is prevented by smal! amounts 
of streptomycin in the liquid culture medium 
With this technique the multiplication of 
tubercle bacilli was studied within monocytes 
derived from normal guinea pigs or rabbits 
and from animals previously vaccinated with 
BCG. The bacillary strains used for infecting 
the monocyte cultures were virulent H37Rv 
and Vallée and avirulent RIRv 
of BCG. Tubercle bacilli multiplied abun 


dantly 


and 2 strains 
within the cytoplasm of monocytes 
from normal guinea pigs or rabbits. By con 
trast, intracellular multiplication of the bacilli 
was retarded or completely inhibited within 
the with 
BCG 
with 


monocytes of animals vaccinated 


This inhibition of growth was observed 
both strains of 


virulent or attenuated 


tubercle bacilli. The ability of monocytes to 
inhibit bacillary proliferation was the same 
whether serum from a normal animal or from 
was used in the tissue 


vaccinated animals 


culture medium. Moreover, the serum of vac 
cinated animals did not inhibit multiplication 
of tubercle bacilli within monocytes derived 


from a normal animal. The ability of guinea 
ocytes to interfere with intracellular 


first 


pig mon 


bacillary proliferation was perceptible 


eight days after vaccination and was com 
The multiplication of 
bacilli 
animals at dif 
uniform. These 
role for the 


Mul 


tiplication of tubercle bacilli within mononuclear 


plete at fifteen days 


virulent and attenuated within the 


monocytes from the control 


ferent periods was always 


experiments suggest an active 


monocytes in reinfection tuberculosis 


; 


lisse cullure 


phagocytes derwed from 
inated with 


Fe bruary 


normal animals and animals vace 


BCG, E r, J. Exper. Med., 
1953, 97: J S W oolle I 


The 


ulin and staphvlococcal toxin 


Human Leukocytes and Tuberculin. 
effect ol tuber: 
on human ke from tuberculous and 
studied. The 
method used to demonstrate cell injury was 
based on the fact that 


ikocytes 
nontuberculous subjects was 
certain cellular con 
surrounding medium 


content selected 


tents are released into the 


when ceus are damaged I he 


with the 
properties of lysozyme. No significant differ 


for measurement is an enzyme 
ence could be detected in the degree of cell 
injury caused by exposing leukocytes from 
tuberculous or nontuberculous subjects to 
tuberculin for two hours in vitro. The same 
observation was made using staphylococcal 
toxin. A higher titer of lysozyme-like activity 
was found in the plasma obtained from tuber 
culous than from nontuberculous subjects 
The factors governing the level of the lyso 
zyme-like enzyme reported here are too little 
understood to afford an explanation of the 
levels and the 


enzyme tube rceulin 


observations.—Plasma release 
of a 
exposed leukocytes of tuberculous and nontuber 
culous human beings, G. P. Kerby & S. N 

Chaudhuri, J. Lab. & Clin. Med., April, 1958, 


41: 632.—(F. G. Petrik) 


lysozyme-like from 


Serum Complement in Human Tuberculo- 


sis.—Fifty per cent units of complement 
determined on groups of normal individuals, 
tuberculous patients, and tuberculous patients 


(ACTH 


tuberculous 


receiving corticotropin showed high 


est activity in the group and 
least in the normal group. Differences between 
the complement activity of normal and tuber 
culous individuals were significant. An in 
creased complement activity (decreased 50 per 
cent unit) after long continued ACTH admin 
istration was observed. The association of an 
increased complement activity and a decreased 
gamma-globulin concentration was highly 
No correlation 


tween complement activity and other electro 


significant was observed be 


phoretic components, namely, albumin, alpha-! 
beta 


and alpha-2 


globulins, globulin, and 
Relation 
ment and plasma electrophoretic fraction levels 
Pitner & L. C 
Biol « Ved 


Soto Fig wroa 


fibrinogen between serum comple 


in human tuberculosis, G 
Proc Exper 
October, 1952, 81: 69 k 


Smit! Soc 


Hemagglutinins Produced by Stefanski's 
Bacilli. 
formed with a carbohydrate antigen (‘ 
extracted from M 


revealed the presence of antibodies in 15 of 18 


The hemagglutination reaction per 
antige 


polrosidique r¢ ulosis 
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twenty-six weeks after sub- 
cutaneous infection with Stefanski’s bacilli. 
The reaction was negative in 10 noninfected 
rats and in 3 infected treated with 
isoniazid. The fact that rats infected with 
Stefanski’s bacilli form antibodies reacting 
with an antigen extracted from M. tuberculosis 


is a new argument for the kinship of these 2 


rats eight to 


rats 


microorganisms. The maximal titer of 1:16 is 
low, however, in comparison with titers ob- 
tained with serum from patients with tuber- 
culosis and leprosy. It cannot be stated at 
present whether the low titer is caused by a 
great difference in the antigenic properties of 
Stefanski’s bacilli and Koch’s bacilli or by 
the inability of the rat to produce a high titer 
of antibodies (Author’s summary).—Réaction 
de Middlebrook-Dubos chéz le rat infecté par le 
bacille de Stefanski avec un antigéne extrait du 
bacille de Koch, M. Viette, Ann. Inst. Pasteur, 
February, 1958, 84: 434.—(V. Leites) 


Continuous Versus Phasic Lung Inflation. 
Mechanically imposed ventilation is often ap- 
plied during thoracic surgery. Manual com- 
pression and release of the breathing bag may 
prevent respiratory acidosis. Controlled res- 
piration, whether accomplished manually or 
automatically, in the absence of continuous 
and arterial blood 
carbon dioxide pressure, pH, and oxygen ten- 


precise monitoring of 
sion is unlikely to be as responsive to the 
patient’s needs as spontaneous respiration. An 
apparatus under the control of the subject’s 
respiratory center has been devised. In dogs 
at least, the performance of the respiratory 
center remains satisfactory under light ether 
anesthesia. Continuous inflation of the lungs 
of dogs with their chests open for two hours 
or less is usually accompanied by substantial 
decline in cardiac output and the development 
of severe respiratory acidosis. These may be 
minimized or avoided by interrupting the 
positive respiratory pressure to permit passive 
exhalation against atmospheric pressure. The 
device described applies positive respiratory 


pressure during inspiration only and is con- 


trolled by the animal’s own respiratory 


rhythm.—Circulatory and respiratory effects 


of continuous versus phasic lung inflation tn 
open-chest dogs, H. A. Frank, A. M. Cahan, 
& H. Banks, J. Thoracic Surg., May, 1962, 
23: 465.—(R. E. MacQuigg) 


Bronchial Pulmonary Communications.— 
When the pulmonary artery and vein of a 
lobe in the dog’s lung are both occluded, 
the vascular pressures within the lobe rise to 
abnormally high levels. This in vivo evidence 
supports the existence of functional com- 
munication between the bronchial and pul- 
monary arteries within the normal lung. The 
functional significance of the communications 
is speculative at present. Of greatest interest 
is the role they may play in the fate of a 
pulmonary segment or lobe deprived of its 
direct pulmonary arterial supply by embolus 
or other occlusive pathology. If such a seg- 
ment had also a high degree of functional 
venous obstruction, as from chronic passive 
congestion or mitral stenosis, it is not im- 
probable that bronchial collateral flow at sys- 
temic pressures would produce a destructive 
imbalance with capillary engorgement, edema 
of the alveoli and interstitial tissues, and 
frank hemorrhage. This may be the mecha- 
nism of hemorrhagic infarction.—QObservations 
on the hemodynamics of bronchial-pulmonary 
vascular communications, D. P. Shedd, R. D. 
Alley, & G. F. Lindskog, J. Thoracic Surg., 
November, 1951, 22: 5387.—(R. E. MacQQuigg) 
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BCG Testing.—An intracutaneous injection 
of BCG vaccine may deviate from the recom- 
mended technique in 2 principal ways: more 
or less than 0.1 ml. may be given or the vac- 
cine may not be injected superficially into the 
skin. In several studies, altogether comprising 
about 1,400 schoolchildren, the volume and 
depth of the BCG vaccination were deliber- 
ately varied within the limits likely to occur 
during ordinary mass vaccinations; the effect 
of such variations on post-vaccination tuber- 
culin allergy and on local reactions at the site 
of vaccination was determined. Because most 
syringes leak, the volume of vaccine injected 
is commonly gauged by the size of the skin 
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wheal rather than by reading the graduated 
markings on the syringe. In approximately 
950 children, different volumes of BCG vac- 
cine were injected very superficially into the 
skin; 0.1 ml 
averaging 8 mm 
halving the volume caused a difference aver- 
aging 1.5 mm.; a sixfold increase (from 0.05 
to 0.3 ml 4 mm 
diameter. In a second study of more than 400 
children, the depth of injection was varied 
but the volume was kept constant. Deep 
injection of 0.1 ml. 
smaller than the 


of vaccine produced wheals 


in diameter. Doubling or 


caused a increase in the 


intracutaneous gave 
wheals averaging 3.1 mm 
same volume injected superficially, a decrease 
as great as that from a fourfold reduction in 
Tuberculin allergy in the children 
variations in 


volume 
was practically unaffected by 
technique likely to occur in the field. Volumes 
of 0.05 to 0.3 ml. of vaccine, injected at 
depths ranging from very superficial in the 
skin to subcutaneous, all gave approximately 
mean level of 
A given volume of vaccine injected 


the same post-vaccination 
allergy 
into the subcutaneous tissue just beneath the 
skin produced local lesions twice as large as 
those from the same volume injected super- 
ficially. The frequency of local subcutaneous 
abscesses increased with increasing depth of 
injection. These studies show that the size of 
the reaction at the site of vaccination is influ- 
enced by the depth of injection of vaccine, 
but the level of BCG-induced tuberculin 
allergy is not. If post-vaccination allergy is 
an index of immunity, the local vaccination 
necessarily measure the 


reaction does not 


same thing (Authors’ summary Varialwon 
in te of intracutancous BCG vaccinatt ym, 
C. E. Palmer & P. Q. Edwards, Brit. M. J., 


February 14, 1953, No. 4806: 363.—(E. A 


Riley 


ng & Mass vac 
rem h 
Africa, tew 


Side Effects of BCG.—Dur 


umn: 1 CO icted | the 


eimation 
Public 


general reactions followed 


Health Service in North 

BCG administra 
tion. Vaccination during the pre-allergic phase 
or in the presence of positive tuberculin allergy 


produced an accelerated reaction at the site 


of injection. The site of a previously negative 
tuberculin test often flared into a spontaneous 
positive reaction. The rare complications in 
this group consisted of fever, malaise, and 
asthenia of several days’ duration in the sec- 
ond week after vaccination. Some persons 
also developed around the vaccination area a 
maculopapular eruption which occasionally 
became generalized. The course of these com- 
plications was always benign and only about 
10 such episodes were observed in approxi- 
mately 10 million vaccinations. Other abnor- 
mal local reactions were: (/) an excessively 
large lesion, (2) abscess formation, and (8) 
abnormally slow healing. The eventual out- 
come was always benign in these cases. Pain- 
less enlargement of the lymph node draining 
the site of injection was found in 6 to 12 per 
cent of all vaccinated persons and subsided 
within two to four weeks. The adenopathy 
became purulent in 8.6 persons per thousand 
Purulent adenopathy was directly propor- 
tional to the concentration of the vaccine and 
was always associated with a high degree of 
tuberculin allergy. It 
during the hot season; more than half the 


was more frequent 


cases occurred in children under two years of 
age. Population groups with poor hygiene had 
a particularly high incidence of this complica- 
tion.—I ncidents et accidents observés aprés la 
vaccination, R. Mande, J. Gand, G. Houel, 
P. Babeau, & M. Gauthier, Semaine d. hép 
Paris, February, 1953: 648 (V. Leites) 
Leaking Tuberculin Syringes.—An appara- 
tus was devised to measure leakage between 
the plunger and barrel of tuberculin syringes 
vith the brand of 


syringe, approximately one of every 4 new 


Even most satisfactor 
syringes leaks to a greater extent than is 
compatible with accurate work. After being 
used for 1,000 to 1,500 intradermal injections, 
many syringes begin to show obvious signs of 
leakage, and, when retested, fail to meet the 
criteria lor acceptability Uniess new syringes 
are tested before use and a plan for periodic 
retesting is followed, it is unreasonable to 
expect field 
accurately the amount of fluid given in intra 


workers to be able to measure 
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dermal injections or to avoid wasting rather 


large amounts of tuberculin and vaccine 
(Authors’ summary Veasurement of leakage 
of tuberculin Guld & C. Rud, 
Brit. M. J., February 14, 1953, No. 4806: 368 


(E. A. Riley) 


syringes, J 


Tuberculin Tests in Schoolchildren.— Dur 
ing the period from February, 1947, to May, 
1952, 7,415 tuberculin skin tests were given 
to 3,522 children in the schools of a semi-rural 
district near Brussels. Children aged three to 
six years showed 6.9 per cent positive reac- 
tions; children from seven to nine showed 16.4 
per cent; children ten to twelve, 30.7 per cent; 
thirteen and fourteen, 40.7 per cent; fifteen 
100 children 
converting from negative to positive, 73 had 
no clinical had 
less than half of which merited any 


and sixteen, 54.6 per cent. Of 
manifestations; 27 clinical 
incidents, 
notice. In 34 children, one or more incidents 
accompanied the skin test. There were 4 sero 
fibrinous pleurisies, 3 parenchymatous con 
solidations, 2 cases of phlyctenular keratitis, 
2 cases of ery thema nodosum, one pneumonia, 
one hemoptysis, one case of meningitis (no 
tubercle bacilli were found in the spinal fluid), 
and 23 cases of swollen glands in the right or 
left hilar regions accompanied by increased 
parenchymous shadows in the area. In some 
of these cases the child had measles, whooping 
cough, or a severe cold at the time. Attempts 
to correlate the severity of the skin reactions 
with the exposure to tuberculosis in the home, 
with residence in a populous district, residence 
in the country, or with the number of children 
in the family were unsuccessful. Such studies 
may aid in the early detection of sources of 
tuberculosis and, if nationwide, might uncover 
most infectious or potentially infectious per- 


sons in less than five years.—Le virage de la 


culi-réaction a la tuberculine chez les enfants en 
dge scolaire, A Je srissen & Mme 
Lauwers, Acta tuberc belg . December, 1952, 43: 


5.—(A. T. Laird) 


Je urissen- 


Mass Roentgenograms.—Facilities for un- 
limited chest roentgenograms were offered to 
general practitioners in southwest London. Of 
the patients referred for examination because 
of minor complaints which did not justify 
referral to a chest physician, 2 per cent had 
active tuberculosis. A total of 3 per cent had 
radiologically significant lesions requiring fur- 
ther investigation; 48 per cent of the patients 


had minimal disease.— Detection of tuberculosis 


pl otofl sorograph 


J. Lee, 


tn general practice by 
F. A. Nash, B. Be ngamin, & T 
Brit. M. J., February 7, 
(E. A. Riley) 


1953, 


Tuberculosis Case Finding.—Two tuber 
infant schoolchildren 
adult 
among the household contacts of tuberculin 
In the first 1,865 


tuberculin tested by a chest 


culin surveys of were 


conducted to discover tuberculosis 


positive children survey, 


children were 
physician and the contacts of positive reactors 
were examined by fluoroscopy. In the second 
survey, 1,933 children were tuberculin tested 
by school nurses and the contacts of positive 
reactors were examined by mass radiography 
In both surveys, one new case of adult tuber 
found the contacts for 
250 tuberculin tests applied in the 

The cooperation of the mothers in 


culosis was among 
every 
schools 
persuading contacts to attend is an important 
factor in the success of the plan.—T uberculosis 
case-finding by the tuberculin-testing of infant- 
school children, I. A. MacDougall, J. R. 
Mikhail, & W. H. Tattersall, Brit. M 
January 10, 19538, No. 4801: 64 E 
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New Safety in long-term 


Streptomycin Therapy 


¢ of auditory and vestibular disturbances 


sened following therapy with DUOo-STREP. 


Duo-Strep greatly reduces the Pos- 
sibility of toxic effects that may 
occur from prolonged daily therapy 
with streptomycin or dihydrostrep 
tomycin. Yet, Duo-Srree provides U0 TR 
full therapeutic efficacy. These ad 


vantages are assured by the compo ( Trade-mark) 
sition of Dtuo-Strepe: each dose 
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| | 
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weighed. Each PACKETTE contains 4.1 / 
erams of neutral Sodium Para amino (Y) 
Salievlate Dihvdrate (4.1 rams being 
equal te exact! of free 
Para amine Sa evi Noid 
ox 
\ \ es In AB 
cKETT 
50 PA 
Also available in Junior Size for Children 
Inc. Chicago. Minvis 
> Saranac Lake, N.Y 


THE AMERICAN REVIEW OF TUBERCULOSIS 


chest x-ray 
patients 
on admission- 
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HOSPITAL MATTRESSES 


RES T-RITE has developed a completely new kind 
of Innerspring General Hospital Mattress to save 
an average 75 of your investment during 10 
years. The miracte ‘‘Syko'’ covering makes pos- 
sible this economy 
Rubber sheets or plastic covers are not needed. It 
is impervious to body fluids and wastes—easily 
cleaned with soap and water for immediate re- 
use. Non-irritating to the skin, almost inde- 
structible, fire resistant, comfortable, cotton 
Make this step for- sheets smooth 
For complete information, sample of the super- 
ward by adding the tough ‘‘Syko'"’ covering, and SPECIAL INTRO- 
DUCTORY OFFER, write to— 


Powers Magazine THE REST-RITE BEDDING CO. 


Mattresses since 1898 
207 North Main St. Mansfield, Ohio 


Cassette to your 


present equipment. 


X-Ray Paper for the Chest 
Magazine Cassette Physicia ns 


comes in conve- 
nient rolls—perforated so that radio- may more easily keep abreast of refer 
ences to tuberculosis in world medical, 


graphs are individually processed with scientific end seciclegicel Mereture by 


standard equipment and chemicals. One subscribing to the 


roll makes 50 full size radiographs. 


You can avail yourself of TUBERCULOSIS INDEX 
this equipment without and Abstracts 


investment. Write for of Current Literature 


complete information and 


literature. 


PRODUCTS, INC. | NATLONAT IATION FOR THI 


PREVENTION PLUBERCULOSIS 


4 y toe se North, Tavistock Sq London We 


GLEN COVE, LONG ISLAND, N. Y. 


MARCH JUNE SEPTEMBER DFCEMBER 
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New principle 


The hazard of ototoxicity is greatly reduced by 


combining equal parts of streptomycin sulfate 
and dihydrostre plomycin sullate. 


thus gets only half as much 


cin} is greatly reduced Therapeutic effect is 


undiminished, This principle has been demon- 


The patient strated in both animals and man. In patients 
of each drug. The 


risk of vestibular damage (from stre ptomye in) 


and of hearing loss “ 


treated for 120 days with 1 Gm. per day of the 


combined drugs, the incidence of neurotoxic ily 


dihydrostreptomy- was practi ally zero. 


4... 
ataxic, Cat treated with the 


DISTRYCIN 


(di-STRI-sin) 


FOR GREATER SAFETY IN COMBINED ANTIBIOTIC THERAPY 


These new formulations embody this new principle: 


| T 
DISTRYCIN DICRYSTICIN DICRYSTICIN FORTIS | DISTRYCILLIN A. S. 


streptomycin sulfate, Gm 
Dihydrostreptomycin sulfate, Gm. 


Procaine penicillin G, units 300,000 300,000 400,000 
’otassium penicillin G 100,000 100,000 


(All supplied in 1 and 5d 


SQUIBB 


= 
r 
Cat treated with st omycin i umount of 
trept 1 Sulfate in equal parts 
0.5 | 0.25 | 0.5 | 0.25 
| 
Po 0.5 0.25 0.5 |} 0.25 
and 5 dose vials) | 
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New NTA Publication 


en nsylvania Pioneers 


AGAINST 


Tuberculosis 


By Esther Gaskins Price 
294 Pages Cloth Bound $5.00 a Copy 


In this fully documented volume, there are broug together { 1e first time 
the stirring facts about the inception, development, a1 ultior one of the most 
successful health crusades in history 

When this crusade started, tuberculosis was claiming human lives at the rate 
of more than 20,000 in a single decade in Philadelphia alone. Popular superstitions 
medical conservatism, the hostility of landlords, industrialists and politicians, were 


some, but by no means all. of the difficult road blocks which confronted the pioneers 


Original Sources 
Utilizing the proceedings of some of the most important medi 
19th century—the archives of the Pennsylvania Tuberculosis and Health Society 
and public health departments, newspaper files, and family records--PENNSYL 
VANIA PIONEERS AGAINST TUBERCULOSIS give List details of the 


ong drawn out bat iged by pioneers in the tuber 


his battle Sp irheaded by Lawrence Flick and 


group of earnest co-workers, finally led, among many 
creation of the original tuberculosis societv in the Unit 
of the first institution in medical history to concentrate 


ment ot Ingie winess 


Readers of the American Review of Tuberculosis will find in this book 
interesting and valuable background data, never before available, covering 
the critical period in which effective health control measures first began to 


assume their present shape 
Send your orde r today lo: 


National Tuberculosis Association, 1790 Broadway, New York 19, N.Y. 


Additional postage outside U.S. and Canada, 50 cents a copy. 


otner;r speci resuits to the 
dd States and the estal ment 
on the preventior ind treat 


INV REVIEW OF BERCULOSTIS 


spotlights 
the bronchial tree 


well- tolerated contrast medium 


LIPIODOL 


for definitive diagnosis 


of bronchopulmonary lesions 


bronchiectasis “... definite demonstra- 
tion ...is best accomplished by the instil- 


lation of iodized oil (Lipiodol) into the 
bronchial 


chronic pneumonitis “An absolute diag 
nosis rests upon (1) x-ray, (2) Lipiodol 
bronchial visualization, and (3) bron- 


choscopy. 


lung abscess “Lipiodol bronchography 


has an important function in chronic ab- 


scess to reveal hidden cavities... 


1. Meakir J. ¢ The Practice of 
s ur 


Medicine 
>. V. Mosby Company. 


I 
nd Lir 

gy. Philadelp? 
ompany, vol. 1, p. 339 

 Lipiodol (lodized U.S.P.) is the registered trade 

roduct created by Latay and 

ng the specifications of 

be r the name 


Lipiodol 


E. FOUGERA 6 CO.., INC., 75 VARICK ST., NEW YORK 13. N.Y 
Canadian Distributors: V nt td., Montrea nada 


FOUGERA 


ME 
, 
4 
3 
Copyright, 1953, E. Fougera and Company. Ir 
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uberculosis... 


The range of ie mand olde) antibiotie and more etlective chemotherape utie 
agents available from Pfizer permits the clinician the widest choice in 
the selection of therapy most appropriate for the individual patie nt, 


Convenient do age forms of Pfhize r antituberculosis agents inelude s 


ew COMBISTREP. \ combination of equal parts of strep 


tomycin and dihydrostreptomycin: dry powder 


in 1 Gm. and 5 Gm. vials. 


STREPTOHYDRAZID A crystalline compound combining 
streptomycin (1 Gm.) with isoniazid (236 mg.) 
for single injection therapy: in single-dose 
vials containing 1.4 Gm. Streptohydrazid. 


VIOCIN (sulfate) For resistant cases of tuberculosis: in single- PFIZER 


dose vials containing 1 Gm. viomycin. LABCRATORIES 


STREPTOMYCIN (si//ate) Available as powder and solution 
for individual regimens: dry powder in 1 Gm 
and 5 Gm. vials; solution in 1 Gm. and 5 Gm 


vials and in single-dose (1 Gm.) Steraject peers 
disp able cartridges 


DIHYDROSTREPTOMYCIN (si/fafe) Available as powder 
and solution for individual regimens: dry pow- 
rin 1 Gm. and 5 Gm. vials; solution in 1 Gm 


and 5 Gm. vials and in single-dose (1 Gm 


sterarect disposable cartridges. 


e isoniazid for oral administration: 


in bottles of 100 and 1000 


therapeutic 
essentials 

for control 

Of (Ei 
= 


fields. 


280 Madison Ave. 


A New Subscriber Service 


In response to a steadily increasing number of requests from sub- 
scribers the AMERICAN REVIEW OF TUBERCULOSIS will devote this section 
to classified advertising, consisting of positions available and wanted. 


It is believed that this service will supply a useful link between 


administrators and physicians and other professional workers seeking new 


The rates are shown above. Advertisements must be in our hands not 
later than the first of the month preceding date of publication. 


AMERICAN REVIEW OF TUBERCULOSIS 


New York 16, N.Y. 


POSITIONS AVAILABLE 


POSITIONS AVAILABLE AND WANTED 
RATE $3.50 per insertion for 25 words or less; additional 
words—15 Bo! 
cen 


each. ie number—75 cents extra. Employment Bu- 
reaue—$10.00 per column inch. RK should 


emittance ac- 
and be sent Review of 


company co to: American 
4 Madison Ave., New York 16, N.Y. 


Tuberculosis, 


erably 


WANTED :—Assistant or Associate Medical Director 
up to 


under 50. New, modern 200-bed tuberculosis hospital. 
$10,000 depending on experience. Ala’ licensure necessary. 
Unusually complete laboratory-X-ray facilities. Medical Director 
38 years old, F.C.C.P., Assoc. A.C.P., board certified Internal 
Melicine. Apply to Medical Director, District I Tuberculosis 


Hospital, Decatur, Ala. 


WANTED:—Staff Physician—Nebraska Hospital For Tubercu- 
lous. Experience desirable, but not essential. Salary dependent on 
experience and qualifications. Should be eligible for Nebraska 
license. Give details concerning qualifications and references. 
Box 126, American Review of Tuberculosis, 280 Madison Avenue, 
New York 16, N. Y 


MEDICAL OFFICER: Gienn Dale Sanatorium, the D. C. tuber 
culosis hospital. Salary range, $7040 to $8040 per annum. Sick and 
agnual leave and retirement benefits under U. S. Civil Service. 

ear’s approved training in pulmonary diseases and eligibility 
for D. C. license required. Overtime pay for work in excess of 40 
hours per week. Address inquiries to Superintendent, Glena Dale 
Sanatorium, Glean Dale, Ma. 


POSITIONS WANTED 
Excellent references 


ao Box 130, American Re- 
. Box . 
280 Madison Avenue, New York 16, 


Now Available in Spanish 


Clasificaci6én y 
Diagnostico Standard 


(DIAGNOSTIC STANDARDS) 


First published by the National Tuberculosis 
Association in 1950 and now in regular use by more 
than 100,000 physicians, this accepted authority 
on terminology, standard tests and classification 
in tuberculosis has now been translated into 
Spanish by Professor H. Orrego Puelma of the Uni- 
versity of Chile Faculty of Medicine, assisted by 
Doctors Raul F. Vaccareza, Ignacio Baldo and 
Armando Alonso, and is available to interested 
physicians in the form of a 64-page publication. 

o cover handling costs, a price of 50 cents 
(American funds or the equivalent) has been 
established. Your order is cordially invited and 
will have immediate attention. 

Please address orders to: 


DR. H. ORREGO PUELMA 
Hospital del Salvador, 
58 Vicuna Mackenna, Santiago, Chile. 


for effective cough therapy 


Hycodan‘....... 


(Dihydrocodeinone Bitartrate) 


Three forms available: Oral Tablets (5 mg. per tablet), 
Syrup (5 mg. per teaspoonful), Powder (for compounding). 
May be habit forming; narcotic blank required. 

Average adult dose 5 mg. Literature on request. 


Endo 


Endo Products Inc., Richmond Hill 18, N.Y. 
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